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FOREWORD 


This  Final  Report  for  the  Naval  Air  Advanced  Training  Command  (CNAVANTRA)  Manpower 
Allocation  Mdel  and  Productivity  Measurement  Model  is  submitted  ii>  performaice  of 
Contract  No.  N00022-69-C-01 00 .  The  report  describes  model  formulation,  assumptions 
and  the  data  base  used  to  demonstrate  model  operations.  Outputs  f c "  models  are 
separately  bound.  Operational  instructions  and  computer  program  documentation  are 
provided  in  a  Users  Manual. 


SUMMARY 


The  Manpower  Allocation  Model  (MAM)  and  Productivity  Measurement  Model  (EMM)  for 
CNAVANTRA  were  developed  to  provide  Navy  management  with  lools  for  improved  manpower 
planning,  programming,  and  budgeting.  Development  of  the  models  included  an  investi¬ 
gation  cf  the  available  data  and  an  analysis  of  the  processes  which  take  place  at  the 
various  CNAVANTRA  facilities.  After  the  models  were  formulated,  computer  programs 
were  written,  tested,  and  run  using  available  data. 

The  MAM  provides  the  quantitative  means  of  examining  manpower  requirements  for: 

1)  Corpus  Chrlstl,  Texas:  NAfi  Corpus  Christi,  VT27,  VT28,  VT29, 

VT31 ,  and  CNAVANTRA  staff; 

2)  Beevi lie,  Texas:  NAS  Chase,  VT24,  VT25,  and  VT26; 

3)  Kingsville,  Texas:  NAS  Kingsville,  VT21 ,  VT22,  and  VT23; 

to  support  a  range  of  pilot  training  rates  in  Increments  selected  ny  the  user.  The 
annual  pilot  training  rates  used  to  run  the  model  were  600  to  1800  in  increments  of 
400  for  advanced  jet  aircraft  pilots  (NAS  Chase  and  Kingsville),  and  from  360  to  1440 
in  increments  of  360  for  advanced  propeller  aircraft  pilots  (NAS  Corpus  Christi). 

The  MAM  was  developed  using  the  technique  of  process  analysis  to  examine  the  work 
flow  of  the  CNAVANTRA  facilities,  '’roceso  analysis  provides  the  mathematical  struc¬ 
ture  for  the  model  in  terms  of  labor  Inputs,  intermediate  products,  and  final  outputs 
(trained  pilots).  This  structure,  combined  with  linear  programming  techniques,  is 
used  to  determine  the  optimum  (least-cost)  manpower  requirements  for  a  particular 
pilot  training  rate.  The  effects,  in  terms  of  manpower  and  costs,  of  policy  con¬ 
straints  Imposed  on  the  number  of  use  of  particular  labor  skill  categories  can  also 
be  analyzed. 

The  model  incorporates  the  Resource  Management  System  (RMS)  Project  PRIME  cost  and 
subcost  cento'  Identification  organization.  The  model  Is  designed  to  use  data  from 
RMS  PRIME,  OPf.'AV  5320,  Enlisted  Distribution  and  Verification  Report  (BUPERS  Report 
1080-14),  and  Student  Training  Progress  Critique.  Other  sources  of  data  can  also  be 
used. 

For  each  pilot  training  rate,  the  manpower  requirements  for  each  subcost  center  are 
specified  in  terms  of  the  billet  Identification,  the  labor  skill  category.  The  labor 
skill  catego'y  is  further  defined  in  terms  of  labor  classification:  officer,  warrant 
officer,  enlisted  men,  graded  civilians,  and  ungraded  or  wage  board  civilians.  The 
appropriate  designator  for  officers,  the  rating  for  enlisted  men,  and  the  series  for 
civilian  personnel  are  specified.  Where  appropriate,  based  on  input  data,  the 
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NEC/NOBC  are  identified.  The  rank,  rate,  or  grade  is  also  listed  to  indicate  the 
proficiency  level  of  the  labor  skill. 

The  model  provides  the  required  manhours  per  month,  the  equivalent  number  of  people 
in  each  labor  skill  category,  and  summaries  for  the  cost  center.  It  also  determines 
the  required  units  for  each  subcc_t  enter  functioning  with  the  optimum  manning. 

In  addition  to  this  output,  other  data  is  available  from  the  linear  programming  al¬ 
gorithm  which  can  be  extremely  useful  to  a  manpower  requirements  analyst.  This  in¬ 
cludes  information  concerning  marginal  values,  transfer  prices,  ranges  and  inter¬ 
relation-hips  of  the  inputs,  intermediate  products,  and  final  outputs  at  optimality. 
Because  of  the  lack  of  realistic  constraints  (upper  and  lower  bounds)  and  a  range  of 
technologies,  however,  the  solutions  provided  in  demonstrating  model  operation  do  not 
reflect  the  total  model  capability. 

Based  on  the  structure,  inputs  and  outputs  of  the  CNAVANTRA  activities,  the  PMM  was 
developed  to  provide  conventional  productivity  measures,  productivity  indices,  and 
aggregate  productivity  indices. 

The  PMM  is  i  itended  to  provide  managers  with  a  means  of  comparing  an  activity's  per¬ 
formance  to  articular  standards.  It  may  also  be  used  to  compare  the  performance  of 
similar  and  dissimilar  activities. 

i 

The  PMM  uses  1  he  monthly  RMS  PRIME  7000-8  and  7000-9  reports  as  its  sources  of  data. 
Types  of  data  taken  from  these  reports  are  the  work  units  accomplished,  together  with 
labor  hours  an!  dollars  expended.  The  standard  productivity  index  may  be  specified 
by  the  user.  he  PMM  computes  a  cumulative  average  of  productivity  indices  for  each 
subcost  center  that  may  be  used  as  the  standard.  Other  standards,  such  as  engineered 
standards  may  be  used.  The  Manpower  Allocation  Model  (MAM)  determines  the  optimal 
manning  and  associated  optimal  work  units  for  each  subcost  center  necessary  to  support 
a  particular  pilot  training  rate.  This  data  may  be  used  to  form  standards  for  use  in 
the  PMM. 

Thus,  the  PMM  can  be  used  independently  or  in  conjunction  with  MAM.  Both  models 
utilize  the  RMS  data  base  structure.  By  providing  the  actual  ratio  of  outputs  to 
labor  costs  and  manhours,  the  PMM  can  verify  the  predicted  optimal  ratio  of  output  to 
inputs  genera  ted  by  the  MAM. 

A  general  framework  is  also  provided  for  operationally  impl emen t i ng  the  models  in 
order  to  satisfy  data  requirements  in  the  DoD  Planning,  Programming,  and  Budgeting 
System  (PPBS). 

A  users  manual  containing  operational  Instructions  and  computer  program  documentation 
is  available  under  separate  cover. 
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SECTION  1 

GENERAL 
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I  .  -;VE  OF  STUDY 


The  HAH  was  developed  to  provide  management  with  a  tool  for  determining  the 
optimal  allocation,  computation,  and  Justification  of  manpower  requirements 
for  three  naval  air  stations.,  and  their  associated  squadrons  and  staff,  of 
CNAVANTRA.  The  PHH  was  developed  to  provide  manageme  it  with  the  ability  to 
evaluate  and  compare  manpower  performance. 


The  Chief  of  Naval  Air  Advanced  Training  (CNAVANTRA)  is  responsible,  within  the  Navy 
pilot  training  program,  for  providing  advanced  pilot  training  in  multi -engined  pro¬ 
peller  aircraft  and  In  jet  aircraft.  The  study  objective  Involved  the  development  of 
a  unique  Hanpower  Allocation  Model  'HAH)  for  each  of  the  three  naval  air  stations  of 
CNAVANTRA  (NAS  Corpus  Chrlstl  ,  NAS  Klngsvll’e,  and  NAS  Chase)  and  their  associated 
squadrons  and  staff. 

NAS  Chase  and  NAS  KingsvilTe,  which  host  training  squadrons  VT24,  VT25,  VT26,  and 
VT21,  VT22,  VT23  respectively,  provide  the  advanced  jet  pilot  tralnino.  The  HAM's 
for  these  air  stations  determine  optimum  manpower  requirements  to  support  a  pilot 
training  rate  (PTR)  for  600  to  1800  jet  pilots  per  year  In  Increments  of  400.  Other 
beginning  (lowest),  ending  (hlqhest),  and  Incremental  output  levels  may  be  implemen¬ 
ted  to  reflect  proposed  policy  changes  in  the  pilot  training  program.  The  MAM  for 
NAS  Corpus  Chrlsti  (and  Its  tr  Ininq  squadrons  VT27,  VT28,  VT29,  and  VT31)  determines 
optimal  manpower  requirements  co  support  a  PTR  for  360  to  1440  prop  pilots  per  year 
In  increments  of  360.  Other  incremental  output  levels  may  also  be  programmed.  All 
of  the  above  PTR's  were  based  upon  an  average  pl’ot  training  rate  which  was  computed 

using  two  years  of  data  as  an  empirical  base.  From  this  computed  average,  the  ini¬ 

tial  and  final  PTR’s  were  prescribed  as  SO  percent  and  15u  percent  of  the  average, 
respectively.  The  increment  was  then  determined  as  ore-fcurth  of  the  final  pilot 
training  rate. 

The  MAM,  as  developed,  rvay  be  said  to  have  three  specific  attributes.  The  first  is 
a  capability  to  rapidly  predict  manpower  requirements  for  varying  workloads  or  PTR's 
of  CNAVANTRA,  The  second  function  of  the  HAM  is  to  provide,  for  management,  an  op¬ 
timal  (least-cost)  mix  of  the  above  renu i rements  by  function,  category,  grade,  and 

skill  level.  The  third  objective  is  to  examine  the  effect  of  manpower  policy  con¬ 
straints  on  the  manpower  allocation  and  associated  ensts  (sensitivity  analysis). 

Tne  Productivity  Measurement  Model  was  developed  using  the  same  d at*  base  as  the  HAH. 
The  purpose  of  the  model  is  to  form  conventional  productivity  measures,  productivity 
indices  (comparisons  to  a  stanuard),  and  aggregate  productivity  indicts.  The  objec¬ 
tive  in  ap^’ying  the  models  is  to  use  the  HAH  in  order  to  produce  optimal  manpower 
and  output  ■  ;.ii rements,  and  to  use  the  PHH  in  order  to  verify  pe-rormancs. 
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SYSTEMS  DESCRIPTION 


The  CNAVANTRA  organizational  structure  reflects  the  relationship  of  command 
to  the  pilot  training  process. 


The  principal  organization  elements  of  CNAVANTRA  which  relate  to  th»  pilot  process 
are  Illustrated  in  Figure  The  solid  lines  of  Figure  1-1,  connecting  air  sta¬ 

tions  and  training  squadrons,  represent  the  Influence  of  training  squadron  activity 
upon  the  manpower  requirements  of  the  air  stations.  The  dotted  lines  of  Figure  3-1 
connecting  the  training  squadrons  and  staff,  indicate  that  the  staff  organization  of 

!Y1reCt’y  reSPOnSlb1e  f0r  a11  visions  regarding  the  operation 

of  the  training  squadrons,  but  not  the  operation  of  the  air  station  where  the  train¬ 
ing  squadron  Is  located. 


Figure  1-1.  Prlnciosl  Organization  Elements  of  CNAYANTRA 


PlAN  OF  STUDY  FOR  MAH 


The  approach  taker  In  the  development  of  the  MAM  has  Involved  an  analysis  of 
the  pilot  training  process,  setting  up  a  production  function,  and  then  deter¬ 
mining  the  least-cost  mix  of  labor  Inputs  to  produce  a  specified  pilot  train¬ 
ing  output. 


Improved  N?vy-w1de  source  data  collection  systems,  such  as  RMS  PRIME,  hav:  made 
available  a  reliable  and  comprehensive  data  base. 

Under  this  study,  a  structure  of  activity  centers  was  developed  from  the  RMS  PRIME 
subcost  center  Information.  An  intermediate  product  for  each  activity  or  subcost 
center  considered  was  determined  from  RMS  PRIME.  An  intermediate  product  Is  defined 
as  a  product  of  any  subcost  center  which  Is  consumed  Internally  within  the  overall 
organization.  These  are  the  RMS  work  units  for  the  particular  subcost  center.  Pro¬ 
cess  analysis,  which  deals  with  the  formulation  of  interrelationships  among  these 
subcost  centers  (within  the  context  of  the  overall  pilot  training  objective)  was  then 
performed  for  each  station.  Programs  were  developed  to  describe  the  process  analysis 
for  the  three  naval  air  stations  and  to  provide  data  In  a  format  suitable  for  a  lin¬ 
ear  programming  (optimal/least-cost)  solution. 

In  formulating  the  linear  programming  problem  for  tlu  ''AH,  a  linear  relationship  was 
assumed  between  vailable  labor  Inputs,  Intermediate  products  (work  units),  and  final 
products  (trained  pilots).  The  purpose  of  the  linear  program  was  to  obtain  a  ’east- 
cost  set  of  labor  Inputs  subject  to  constraints.  The  objective  function  is  the  total 
cost  of  labor  necessary  to  maintain  a  specified  pilot  training  rate.  Examples  of 
constraints  considered  in  this  study  are: 

1)  Policy  constraints  (e.g.,  a  certain  percent  of  labor  inputs  must 
be  stated). 

2)  Upper  and  lowor  bounds  (e.g.,  each  station  will  have  a  given  number 
of  general,  "G",  billets  for  ship-shore  rotation). 

3)  Non-negativity  (e.g.,  all  amounts  and  costs  of  labor  must  not  be 
negative ) . 

4)  Oistilbution  (e.g.,  the  appropriate  distribution  of  Intermediate 
products  among  subcost  centers). 

The  complex  cNAVANTRA  system  of  Interrelated  cost  centers  Is  represented  by  a  system 
of  linear  equations  and  Inequalities.  The  result  of  this  analysis  is  the  selection 
of  the  “best”  processes  for  securing  efficient  utilization  of  resources  within  the 
Imposed  constraints. 


1-4 


In  order  to  develop  the  model  for  forecasting  manpower  requirements,  it  was,  there¬ 
fore,  necessary  to  include  In  the  study: 

1)  The  development  of  linear  functional  relationships  between  specific 
labor  technologies  and  Intermediate  products  with  respect  to  the  re¬ 
quired  pilot  training  rates. 

2)  The  aggregation  and  synthesis  of  these  relationships,  within  the 
framework  of  process  analysis,  to  a  manpower  allocation  model  that 
specifies  the  optimal  mix  of  manpower  over  time  to  achieve  specified 
output  levels  within  stated  or  explicitly  assumed  policy  and  environ¬ 
mental  constraints. 

3)  Constraints  on  basic  manpower  resources  available  to  CNAVANTRA. 

In  developing  the  model,  RMS  PRIME  da*a  has  been  used  to  provide  cost  and  resource 
(manpower  utilization)  data.  This  general  framework  of  the  manpower  allocation  model 
was  developed  using  RMS  PRIME  7000-8  and  7000-9  data. 
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GENERAL  DESCRIPTION  OF  THE  PRODUCTIVITY  MEASUREMENT  MODEL  AND  ITS  OUTPUT 


At  different  levels  of  command,  different  types  and  amounts  of  Information 
are  required.  The  PMM  produces  detailed  productivity  measures  at  the  lower 
levels  where  the  detailed  RMS  PRIME  data  Is  gathered.  It  also  synthesizes 
these  measures  to  provide  high  level  commanders  with  the  meaningful  overviews. 


Regular  and  timely  reports  on  productivity  levels  and  trends  are  needed  at  all  levels 
for  effective  management,  planning,  and  allocation  of  the  limited  resources  available 
However,  the  need  for,  and  scarcity  of,  meaningful  productivity  measures  Is  especial¬ 
ly  acute  at  the  high  levels  of  command.  The  detailed  Information  which  Is  collected 
by  the  RMS  PRIME  system  for  each  cost  and  subcost  center  Is  generally  most  useful  to 
the  lower  level  commanders.  From  their  detailed  knowledge  of  an  Individual  center's 
situations,  they  can  almost  intuitively  judge  its  productivity.  Higher  level  comman¬ 
ders  require  that  large  amounts  of  detailed  Information  be  synthesized  to  give  an 
overall  analysis  of  the  command.  Since  the  timeliness  of  a  report  affects  Its  use¬ 
fulness,  the  computer  program  system  to  Implement  the  PMM  Is  deslancJ  to  facilitate 
the  application  of  RMS  PRIME  data  to  the  model  and  to  speed  productivity  reporting. 

The  PMM  for  CNAVANTRA  forms  a  variety  of  productivity  measures  tailored  to  the  needs 
of  managers  at  each  level  of  command.  From  the  basic  RMS  data  for  Individual  subcost 
centers,  the  PMM  forms  productivity  measures  which  are  then  aggregated  to  successive¬ 
ly  high  levels. 

For  each  subcost  center  in  CNAVANTRA,  the  productivity  measurement  model  forms  two 
conventional  productivity  measures:  output  per  manhour  and  output  per  labor  dollar 
(see  Figure  1-2).  The  output  per  dollar  Is  then  divided  by  the  standard  for  the  sub- 


Since  each  subcost  center's  productivity  Index  (PI)  Is  formed  by  comparing  Its  actual 
productivity  with  Its  own  standard,  the  PI  Is  normalized.  They  can  then  be  meaning¬ 
fully  compared  both  horizontally  among  similar  subcost  centers  at  different  bases, 
and  vertically  among  different  subcost  centers  at  the  same  base. 

The  productivity  measures,  and  the  data  used  to  form  them,  are  printed  out  for  each 
subcost  center  In  a  cost  center.  Then  the  PMM  forms  an  aggregate  productivity  Index 
for  the  cost  center.  This  aggregate  productivity  Index  Is  formed  by  dividing  the 
total  labor  cost  for  the  cost  center  Into  a  measure  of  the  total  value  of  the  output 
of  that  cost  center.  This  value  of  output  (analogous  to  a  "transfer  value"  In  econ¬ 
omist's  terminology)  Is  titled  Production  Measure  In  the  PMM  printout.  The  printed 
value  Is  derived  by  multiplying  the  number  of  work  units  produced  In  each  subcost 
center  times  the  standard  cost  of  these  work  units  ( 1 . e .  ,  the  Inverse  of  the  standard 
output  per  labor  dollar). 

For  each  command,  the  PMM  reprints  the  productivity  Indices  of  the  subordinate  cost 
centers  and  forms  an  aggregate  productivity  index  for  the  command  by  comparing  the 
sum  of  the  labor  costs  to  the  sum  of  the  production  measures  (see  Figure  1-3).  Simi¬ 
larly,  the  PMM  forms  an  overall  productivity  for  CNAVANTRA  (see  Figure  1-4)  and  also 
reprints  the  productivities  of  the  subordinate  commands. 
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Figure  1-3.  Sample  Printout  of  Command  Aggregate  Productivity  Measurements 
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Figure  1-4.  Sample  Printout  of  Major  Command  Aggregate  Productivity  Measurements 
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SECTION  2 

MANPOWER  ALLOCATION  MODEL 

DESCRIPTION 
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DATA  SOURCES 


A  valid  and  substantive  base  of  data  was  required  for  the  modeling  effort. 
A  variety  of  sources  were  utilized  in  the  development  and  verification  of 
such  u  base. 


The  basic  sources  of  data  for  the  development  of  the  Manpower  Allocation  Model  were 
RMS  TRIME  7000-8  and  7000-9,  QPNAV  5320  (Manpower  Listings),  NAVC0MP  MANUAL  VOLUME 
II,  anti  Student  Training  Progress  Critiques.  This  information  was  available  for 
each  of  the  three  air  stations  under  the  cognizance  of  CNAVANTRA.  How  the  data  re¬ 
flected  the  management  of  activities  within  CNAVANTP.A  was  verified  by  interviews  with 
personnel  at  the  air  stations.  The  available  data,  and  on-station  interviews,  pro¬ 
vided  the  insight  necessary  for  the  process  analysis  phase  of  the  model  development. 

The  definition,  'unction,  and  associated  work  units  of  all  subcost  centers  for  the 
naval  air  stations  were  obtained  from  NAVCOMP  MANUAL  VOLUME  II  and  CNAVANTRA  Notice 
7700  of  5  June  1969.  The  work  unit  for  a  subcost  center  was  then  considered  as  the 
intermediate  product  (defined  in  Section  1)  associated  with  the  suhcost  center.  The 
process  analysis  phase  of  MAM  development  included  the  specification  of  the  linear  , 
relationships  among  suhcost  centers  in  order  to  represent  the  distribution,  internal 
to  a  particular  naval  air  station,  of  the  intermediate  products. 

RMS  PRIME  data  contains  total  military  and  civilian  manhours  expended  and,  therefore 
contributes  little  to  a  breakdown  of  labor  requirements  by  skill  level  and  category. 
All  labor  requirements  data  for  CNAVANTRA  were  obtained  from  one  or  more  of  the  fol¬ 
lowing  sources: 

1)  0PNAV- 5320 

2)  Manpower  Authorization,  0PNAV  Form  1000/2,  Re«.  2-68 

3)  Enlisted  Distribution  and  Verification  Report,  BUPF.R  Report  1080-14 

4)  Naval  Personnel  Research  and  Development  Laboratory. 

A  breakdown  of  labor  hours  related  to  sk'll  ievel  and  labor  category  was  obtained 
from  these  sources,  and  labor  inputs  (both  military  and  civilian)  were  costed  accord¬ 
ing  to  the  latest  pay  rate  figures  that  existed  for  1968. 
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The  on-board  manpower  assignments  for  each  air  station  is  contained  in  the  current 
manning  document,  0PNAV-5320.  Some  problems  existed,  however,  in  generating  the 
labor  requirements  data  for  the  training  squadrons  at  each  of  the  air  stations.  Each 
training  squadron  consists  of  four  subcost  centers: 

1)  Command, 

2)  Administration, 

3)  Trainirg, 

4)  Maintenance. 

Data  on  enlisted  labor  assignments  for  these  subcost  centers  was  interpreted  direct¬ 
ly  from  the  Enlisted  Distribution  and  Verification  Report,  when  available.  This  re¬ 
port  was  not  available  for  Training  Squadron  VT22  at  NAS  Kingsville,  and  the  data 
for  this  squadron  was,  therefore,  obtained  from  the  Manpower  Authorization  from  the 
same  document.  The  distribution  of  personnel  to  specific  subcost  centers  within 
Training  Squadrons  VT24,  VT25,  VT26,  VT27,  VT28,  VT29  and  VT30  was  also  formulate1, 
and  coded.  This  information  does  not  appear  on  either  the  Verification  or  Author¬ 
ization  Reports.  This  same  Information  was  generated  for  Training  Squadrons  VT21 , 
VT22,and  VT23  by  using,  as  the  determining  factors,  billet  titles  and  series  codes. 

Officer  labor  requirements  data  was  provided  in  machine  readable  form.  This  data, 
however,  did  not  match  certain  code  allocations  determined  for  enlisted  personnel. 

For  example,  officer  flight  Instructors  were  coded  as  being  assigned  to  Subcost  Cen¬ 
ter  20  (Administration).  These  officers  have  been  allocated  to  Subcost  Center  30 
(Training).  Also,  the  data  indicated  that  no  officers  were  assigned  to  Subcost  Cen¬ 
ter  40  (Maintenance),  althouqh  billet  title  information  indicated  there  were,  in 
fact,  maintenance  officers.  Other  similar  data  problems  of  this  nature  were  encoun¬ 
tered  and  resolved. 

The  data  on  the  production  of  trained  pilots  (Final  Products)  from  CNAVANTRA  was  ob¬ 
tained  from  the  following  sources: 

1)  Student  Training  Progress  Critique,  CNAVANTRA  1500/44,  Rev.  5-58. 

2)  Naval  Air  Advanced  Training  Statistical  Summary,  CNATRA  Form  1 500/1 0 ,Rev . 7-65 . 

3)  Naval  Personnel  Research  and  Development  Laboratory 

Tne  Information  obtained  from  these  sources  for  each  squadron  included  weekly  data 
for: 

1)  The  average  student  load. 

2)  The  number  of  entering  students. 

3)  The  cumulative  total  of  the  number  of  students  completing  training. 

4)  The  number  of  students  completing  training. 

5)  The  number  of  students  currently  enrol’ed  in  refresher  courses, 
b)  The  number  of  student  aircraft  hours. 
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COMMAND/ ACCOUNT 1NG  STRUCTURE  COMPARISON 


The  Manpower  Allocation  Model  is  based  on  an  accounting  structure  derived 
froia  a  definitive  base  of  RMS  PRIME  data. 


The  structure  included  In  the  RMS  PRIME  data  Is  tne  basic  structure  for  determining 
manpower  requirements  in  support  of  a  given  pilot  training  rate  for  each  naval  air 
station  of  CNAVANTRA.  The  RMS  PRIME  data  is  organized  by  cost  and  subcost  center 
(l.e.,  personnel  at  a  particular  air  station  are  grouped  Into  cost  and  subcost  cen¬ 
ters  as  a  function  of  the  products  provided  and  services  performed  by  the  personnel) 
Personnel  providing  a  particular  product  or  service  related  to  t.he  pilot  training 
process  are  assigned  the  same  subcost  center.  These  products  and  services  then  be¬ 
come  the  Intermediate  products  associated  with  the  subcost  centers.  These  subcost 
centers  are  then  considered  as  the  entities  within  i  naval  air  station  for  which 
manpower  requirements  must  be  obtained.  This  accounting  structure  Is  Illustrated  in 
Figure  2-1. 
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figure  2-1  .  Cost-Subcost  Center  Structure 
The  accounting  structure  in  the  RMS  PRIME  data  does  not  consistently  parallel  the 
command  structure  of  an  air  station.  The  command  structure  Is,  of  necessity,  con¬ 
cerned  with  a  rigid  chain  of  command.  A  typical  command  structure  Is  Illustrated 
In  Figure  2-2.  In  the  command  structure,  the  air  station  oersonnel  are  assigned  to 
departments  where  each  department  rns  a  specific  objective,  and  the  orderly  flow  of 
goods  and  services  from  one  department  to  another  is  the  responsibility  of  the  Com¬ 
mand  and  Executive  Offices.  As  indicated  In  Figure  2-2,  departments  may  be  broken 
Into  divisions,  which  again  may  be  broken  Into  branches,  with  a  chain  of  command 
always  flowing  from  top  to  bottom  In  the  Flqure  Each  department  contains,  as  part 
of  the  command  structure,  a  department  head  or  Officer  In  Command. 
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In  the  RMS  PRIME  data,  each  department  of  the  command  structure  is  designated  as  a 
cost  center.  However,  the  subcost  center  accounting  structure  does  not  distinguish, 
in  a  "chain  of  command"  sense,  between  divisions  and  branches  of  a  depa/tment.  If 
a  division  contains  no  branches,  the  division  may  be  designated  as  a  subcost  center. 
If  a  division  is  broken  into  branches,  the  branches  are  designated  as  subcost  cen¬ 
ters.  However,  it  is  possible,  in  the  RMS  PRIME  data,  for  more  than  one  branch  of 
a  division  to  be  grouped  into  one  subcost  center.  It  is  also  possible  for  a  branch 
or  a  division  to  be  broken  up  into  more  than  one  subcost  center. 

An  accounting  structure,  as  modeled,  facilitates  a  more  accurate  rendering  of  work 
units,  specific  tasks,  and  skill  level  requirements.  It  permits  a  cost  accountable 
interrelationship  of  activities  and  functions  not  always  apparent  or  discernable  in 
a  command  structure.  More  importantly,  it  permits  the  application  of  objective  and 
quantitative  techniques  in  manpower  optimization,  yet  remains  sensitive  to  policy 
constraints  imposed  by  manpower  planners  and  managers. 


Figure  ?-2.  Typical  Command  Structure 
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STUDENT  FLOW 


CNAVANTRA  receives  Its  inputs  (student  pilots)  from  CNABATRA  activities. 

The  output  oi  trained  pilots  from  CNAVANTRA  is  a  function  of  type  and  length 
of  training  and  attrition  within  each  training  squadron. 


Two  types  of  final  products  (trained  aviators)  are  produced  at  CNAVANTRA:  Jet  Pilots 
anu  multi-engine  Prop  Pilots.  Advanced  Prop  training  is  provided  in  one  of  the  train¬ 
ing  squadrons  (VT27,  VT28,  VT29,  and  VT31)  at  NAS  Corpus  Christi.  Advanced  Jet  train¬ 
ing  <s  obtained  in  one  of  the  training  squadrons  (VT24,  VT25,  and  VT26)  located  at 
NAS  Chase  or  VT21,  VT22,  and  VT23  located  at  NAS  Kingsville.  All  advanced  Prop  input 
into  CNAVANTRA  comes  *rom  VT5  at  NAS  Saufley,  and  all  Advanced  Jet  input  comes  from 
VT4  at  NAS  Sherman.  Upon  completion  of  courses  in  CNAVANTRA,  students  have  finished 
the  formal  phase  of  pilot  training. 


Figure  2-3.  Student  Flow  for  CNAVANTRA 
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DISTRIBUTION  O'7  INTERMEDIATE  PRODUCTS 


Intermediate  products  are  distributed  :o  v?.-< ous  co*!:  centers  or.  a  basis  of 
the  interrelationship  of  the  cost  centers  and  associated  rules  of  product 
consumption , 


Intermediate  products  data  was  obtained  from  RMS  PRIME.  This  data  bare  contains 
only  Information  on  the  production  of  intermediate  products  and  nothin')  about  con¬ 
sumption  patterns  of  goods  and  services.  The  interrelationship  between  cost  centers 
was  subsequently  established  through  detailed  investigation,  and  a  process  analysis 
was  developed  for  each  work  unit.  The  only  cost  centers  modelled  were  those  for 
which  work  units  data  was  available  from  RMS,  and  those  for  which  InDor  assignments 
could  be  made  on  the  basis  of  OPNAV  5320. 

The  identification  and  distribution  of  intermediate  products  is  the  key  part  of  the 
modelling  effort.  The  end  result  is  a  representation  of  the  complex  interrelations 
between  all  the  cost  centers.  For  e -.ample,  she  "output"  of  the  General  Mess  (food 
service)  is  the  intermediate  product  "number  of  meals  served",  ana  is  distributed  to 
all  other  cost  centers  at  the  station  in  proportion  to  the  military  personnel  assigned 
to  these  other  cost  centers.  On  the  other  hand,  tne  "outprt1’  of  the  Ai  rf ramas  stib- 
cost  center  in  the  Aircraft  Maintenance  Department  is  the  intermediate  product  "num¬ 
ber  cf  airframe  work  orders  completed"  and  is  distributed  to  tost  Center  P  (Operations) 
and  the  cost  centers  representing  the  particular  training  squadrons  in  proportion  to 
the  number  of  flight  hours. 

The  distribution  of  every  intermediate  product  for  each  subcost  center  modelled  was 
considered.  The  result  cf  this  work  is  presented  in  a  following  section.  Each  sub¬ 
cost  center  is  identified  by  name  and  RMS  PRIME  code  with  work  units  (output)  also 
being  given.  The  nature  of  t*e  intermediate  product  was  considered  in  the  determin¬ 
ation  of  distribution  rules.  Those  cost  centers  whose  outputs  were  deterr. ned  not 
to  vary  with  tne  pilot  training  rate  were  not  included  in  the  process  analysis.  These 
cost  centers  are  refered  to  as  tnroughpul  cost  centers. 

It  is  eleer  that  throughput  cost  centers  consume  goods  and  services.  It  was  assumed 
that  a  negligible  amount  of  intermediate  products  were  consumed  by  throughputs  and, 
hence,  the  percentages  used  for  distribution  were  computed  exclusive  of  throughput 
labor.  Although  this  assumption  is  tnought  to  be  valid,  the  consumption  of  appreci¬ 
able  amounts  of  an  i ntermed i ate  product  by  throughputs  can  be  modelled  by  the  inclu¬ 
sion  of  a  lower  lower  bound  on  the  right  hand  side  of  the  linear  programming  formu¬ 
lated  production  and  consume  cl  on.  This  is,  in  effect,  a  statement  that  at  least 
some  number  of  prsducts  must  be  produced  for  the  throughput  cost  centers. 
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ANALYSIS  RESULT 


\ 

I  _ _ _ _ _ 

A  process  analysis  approad  was  used  to  model  alternate  modes  of  production, 
it  simultaneously  conaicers  a  large  number  of  Interconnected  partial  produc¬ 
tion  functions  for  each  activity  of  CNAVANTRA. 


Process  analysis  has  the  capability  of  considering  alternate  modes  of  production.  Tn 
a  complex  organization  such  as  CNAVANTRA,  this  approach  considers  a  large  number  of 
Interconnected  partial  production  functions  to  determine  a  least-cost  labor  mix. 
Certain  Deciflc  tasks  are  inherent  In  the  development  of  a  process  analysis  model: 

1)  Development  or  an  exhaustive  list  or  processes  employed. 

2)  Identification  of  inputs  and  outputs  for  each  process. 

3)  Determination  of  relationships  (linear)  between  inputs  and  outputs. 

The  results  of  such  analysis  are  discussed  in  the  following  sections.  This  process 
analysis  provides  a  comprehensive  look  at  the-  structure  of  each  of  the  three 
CNAVANTRA  bases  modelled. 

The  form  and  operation  of  the  models  are  identical.  The  principal  difference  arises 
in  the  need  to  specify  precisely  the  different  "processes"  and  their  unique  inter¬ 
relationships  at  each  of  the  activities  modelled.  This  is  the  essence  of  the  process 
analysis  approach.  That  is,  the  methodology  is  general,  but  the  specification  and 
interrelationship  of  inputs,  intermediate  products,  and  final  outputs  for  each  fac¬ 
ility  is  unique  to  that  facility. 

Details  of  the  analysis  are  to  be  found  in  Section  6.  P-ocess  Analysis,  where  results 
are  nresented  for  each  of  the  ti.ree  separate  models. 
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IDENTIFICATION  OF  INPUTS 


Inputs  to  each  naval  air  station  of  CNAVANTRA  are  of  two  general  types;  pilot 
(student)  input  and  labor  input. 


Pilot  inputs  are  not  accounted  for  as  “free  goods",  but  are  costed  in  the  model  ob¬ 
jective  function  as  paygrade  01  (Ensigns).  The  quantities  of  pilot  inputs  required 
are  based  on  the  overall  training  requirements  and  a  student  pilot  attrition  rate. 

The  categories  of  labor  inputs  at  the  naval  air  stations  of  CNAVANTRA  include, for 
example:  Officers  and  warrant  officers,  graded  and  ungraded  civilians,  and  rated 
and  non-rated  enlisted  men.  These  labor  inputs  were  costed  in  accordance  with  DoD 
Instruction  7220.25,  "Standard  Rates  for  Costing  Military  Personnel  Services", 

1  August  1968,  and  OoD  Instruction  7041.3  of  26  February  1969.  They  were  then  dis¬ 
tributed  to  the  various  cost  centers  at  the  stations,  and  in  the  squadrons,  in  fixed 
proportions  based  on  the  manpower  listings  provided.  Since  these  listings  were  for 
one  point  in  time  only,  the  i ntercha ngabi 1 i ty  of  various  labor  categories  over  time 
was  not  made  explicit  for  this  particular  application  of  the  model.  Thus,  it  was  not 
possible  to  modify  the  fixed  proportions  of  labor  inputs  specified  for  any  given  cost 
center . 

Labor  inputs  are  further  classified  as  variable  ’abor  input  or  as  "throughputs". 

That  is  labor  assigned  to  cost  centers  included  in  the  process  analyses  or  to  through¬ 
put  cost  centers.  A  "throughput"  by  definition  is  a  cost  center  whose  manning  re¬ 
quirement  remains  at  a  constant  level  for  the  training  rates  unuer  consideration. 

The  MAM  is  designed  to  only  address  the  problem  of  optimizing  tne  required  variable 
labor  inputs.  For  purposes  of  providing  a  complete  manning  document  for  each  activ¬ 
ity;  however,  throughputs  are  printed  out  along  with  the  optimized  variable  labor 
i nputs . 

Specific  identification  of  the  general  inputs  is  contained  in  the  models  and  in 
Section  5,  Model  Inputs. 
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DEFINITION  OF  RULES  AND  PRODUCTS 


Tenant  activities  and  throughputs  were  identified  and  incorporated  into  the 
model  with  special  relationships  and  constraints.  The  nature  of  the  inter¬ 
mediate  product  was  considered  in  the  determination  of  distribution  rules. 


Tenant  activities  and  throughputs  are  defined  as  activities  of  an  air  station  that 
do  not  contribute  to  the  pilot  training  process.  However,  they  consume  intermediate 
products  of  cost  centers  that  are  related  to  the  pilot  training  process.  Manpower 
requirements  for  tenant  activities  and  throughputs  and  their  consumption  of  inter¬ 
mediate  products  are  independent  of  the  pilot  training  rate,  however.  The  signifi¬ 
cant  difference  between  tenant  activities  and  throughputs  is  that  throughputs  are 
air  station  activities  that  are  ordinarily  part  cf  the  air  station  structure  while 
tenant  activities  are  not.  An  example  of  a  tenant  activity  is  the  Army  unit  located 
at  NAS  Corpus  Christi,  and  an  example  of  a  throughput  activity  is  the  Cost  Center  N 
(Security).  A  complete  list  identifying  the  tenant  activities  and  throughputs  for 
the  three  naval  air  stations  of  CNAVANTRA  is  included  in  Section  6. 

Once  the  tenant  activities  and  throughputs  were  identified,  they  were  not  included 
' n  the  model  as  individual  activities;  however,  their  consumption  of  intermediate 
oroducts  was  included  in  the  model  as  explained  below. 

The  linear  program  formulation  of  the  Manpower  Allocation  Model  is  briefly  described 
in  Section  1  of  this  report.  This  includes  linear  relationships  and  constraints 
which  represent  the  distribution  and  consumption  of  intermediate  products  among  the 
various  cost  centers.  It  is  through  the  use  of  these  constraints  that  the  influence 
of  the  tenant  activities  and  throughputs  is  included  in  the  model. 

When  the  number  and  types  of  personnel  at  the  tenant  activities  and  throughputs 
were  determined,  the  di stri buti on  functions  for  the  consumption  of  intermediate 
products  (contained  in  Section  6  of  this  report)  were  used  in  order  to  determine 
what  the  consumption  of  intermediate  products  was  for  each  activity.  Assuming  that 
these  activities  did  not  contribute  to,  or  influence,  the  pilot  training  rate,  the 
amount  of  intermediate  products  consumed  for  these  activities  was  then  entered  into 
the  model  as  a  lower  bound  for  the  outpn  and  consumption  of  the  intermediate  pro¬ 
ducts  for  the  appropriate  cost  centers.  In  this  way,  each  cost  center  included  in 
the  model  is  required  to  produce  an  initial  amount  of  output  which  is  equivalent  to 
the  total  amount  of  the  output  consumed  by  all  of  the  tenant  activities  and  through¬ 
puts.  It  is  at  the  same  time  required  to  produce  a  minimum  amount  of  output  which 
Is  the  total  amount  of  output  consumed  by  all  of  the  tenant  activities  and  through¬ 
puts  plus  the  total  amount  of  output  consumed  by  all  other  cost  centers. 
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For  example,  consider  in  particular  the  mess  hall  facilities  at  NAS  Corpus  Christi, 
Subcost  Center  9911.  The  work  unit  or  intermediate  product  for  this  subcost  center 
is  the  nun:bei'  o f  meals  served.  If  it  can  he  determined  (for  the  time  period  under 
consideration  in  the  model)  that  the  ter, ant  activities  and  throughputs  consume  four 
thousand  meals,  then  the  output  of  Subcost  Center  9911  must  be  greater  than,  or 
equal  to,  the  number  of  meals  required  by  all  cost  centers  in, eluded  in  the  model, 
plus  the  four  thousand  meals  consumed  by  the  tenant  activities  and  throughputs. 

In  the  process  analysis  phase  of  modal  development,  no  information  was  obtained  on 
the  tenant  activities  of  NAS  Ch.se  and  NAS  Kingville.  Consequently,  the  consump¬ 
tion  of  intermediate  products  by  the  tenant  activities  for  these  stations  was  not 
i ncl uded  i n  the  model . 

A  list  of  the  tenant  activities  for  NAS  Corpus  Christi  and  the  amount  and  type  of 
intermediate  products  consumed  by  these  activities  is  included  in  a  following  section. 
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STRUCTURE  OF  MANPOWER  ALLOCATION  MODEL  (MAM) 


MAM  is  structured  to  minimize  total  manpower  cost  to  attain  a  specified 
output  level.  An  understanding  of  the  mathematical  and  logical  structure 
of  the  MAM  will  assist  the  user  in  operating  and  modifying  the  model. 


The  MAM  is  structured  so  that  by  varying  the  level  of  desired  output  (trained 
pilots) and  stating  pertinent  constraints,  it  is  possible  to  compute  the  least-cost 
mix  of  manpower  Inputs  required. 

Before  further  describing  the  mathematical  form  of  the  model,  certain  notations  are 
defi  ned: 

x.  -  i th  labor  input  classified  by  skill  category  and  level  in  units  of 
manpower  per  month 

z.  -  i th  final  output  item  classified  by  level  of  pilot  training  achieved  in 
units  of  number  of  pilots  per  month 

Y.|  -  1th  intermediate  product  classified  by  the  producing  cost  center  and  the 
consuming  cost  center  in  work  units  per  month 

c1  -  cost  of  the  1th  labor  input  (x^)  in  dollars  per  manhour 

W  -  a  column  vector  of  activity  levels;  each  cost  center  is  run  at  some 
activity  level  in  each  technology  period 

X  -  column  vector  of  labor  inputs;  i.e.. 

Capital  letters  are  used  to  represent  vectors  of  quantities  (for  example, 
the  x  . ' s  and  z . ' s  ) 

A  -  technological  matrix  whose  entries  (technological  coefficients)  are 
related  to  partial  productivities  and  reflect  the  operation  doctrine/ 
organization  of  a  cost  center. 

Process  analysis  is  used  to  describe  the  flow  of  inputs  and  outputs  to  and  from  the 
various  cost  centers.  The  rules  by  which  these  products  have  been  distributed  for 
NAS  Corpui  Cbristl,  Chase  and  Kingsville  are  described  in  the  discussion  of  process 
analysis.  With  tne  structure  provided  by  process  analysis,  the  manpower  allocation 
model  is  designed  to  minimize  the  total  cost  of  the-  variable  labor  Inputs  Uc^) 
subject  to  certain  constraints.  These  constraints  are  as  follows: 
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1.  Outputs  ^  specified  level 

2.  Policy  constraints  on  labor  utilization 

3.  Upper  and  lower  bounds  on  variable  labor  inputs 

4.  Nor -negati vi ty  constraints  on  variables 


In  more  mathematical  terms,  the  model  becomes: 


Minimize: 


CTX 


Subject  to: 


AW  = 


Z 

Y 

X 


*  K, 


(1) 

(2) 

(3) 

(4) 


and  W,  X,  Y,  Z  *  0  (5) 

where: 

C  and  X  are  column  vectors  (C^  is  the  transpose  of  C) 

A  is  an  N  <  m  technological  matrix 

K-j  is  a  column  vector  of  required  outputs 

K?  and  K3  are  lower  and  upper  limits  on  labor  Inputs 

W  is  an  m  x  1  column  vector  of  activity  levels  of  subcost  centers 

Z  is  a  column  vector  of  n^  outputs 

Y  Is  a  column  vector  representing  ny  intermediate  products 
X  Is  a  column  vector  of  nx  variable  labor  inputs 

Note  that  N  •  o2  +  ny  +  nz<  Here,  m  is  the  number  of  distinct  technologies  or  means 
of  operating  and  organizing  subcost  centers. 


The  model  formulation  by  equations  (1)  through  {5)  contain  both  X  and  W  as  unknowns. 


The  model  solution  is  obtained  by  a  linear  program  and  is  expressed  in  terms  of  acti 
vlty  levels  of  the  various  cost  centers  as  follows: 


V”' 

* 

z 

AW  * 

a<2> 

w  * 

Y 

a<3> 

X 

where  A^W  *  Z,  A^W  ■  V,  and  A^W  «  X.  The  linear  program  problem  becomes:  Find 
values"for  the  elements  of  W  which  minimize: 


CTA(3)W 


(7) 


subject  to  the  following  constraints: 
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STRUCTURE  OF  MANPOWER  ALLOCATION  MODEL  (Cont'd) 


A^ 1 >  K, 

(8) 

A^w  *  0 , 

(9) 

k2  «  a(3)w  <  k3. 

(10) 

and 

W  *  0. 

(ID 

Equations  (7)  through  (11)  express  the  linear  programming  problem  for  the  vector  W  of 
unknown  activity  levels.  The  values  of  the  elements  of  the  optimal  act i vi ty-1 evel 
vector,  W,  are  determined  by  using  the  well-known  simplex  method  of  linear  program¬ 
ming.  The  optimal  manning  requirements  (except  for  throughputs  or  fixed  labor  Inputs) 
are  then  calculated  by: 


X 


A^W 


A 

where  X  is  the  vector  of  labor  inputs  at  optimal  manning. 


(12) 


The  mathematical  structure  of  the  model  is  based  cn  linear  relationships  between  the 
cost/sibcost  centers  and  determining  optimal  activity  level  vectors  subject  to  quar 
ti fled  constraints. 


The  simplex  method  is  based  on  the  fact  that,  if  there  arc  m  constrairts  (or  rows)  in 
the  constraint  matrix,  and  these  are  linearly  independent,  then  there  is  a  set  of  m 
columns  (variables  or  vectors)  which  are  also  linearly  independent.  Hence,  any  Right 
Hand  Side  (RHS)  can  be  expressed  in  terms  of  these  m  columns  (called  a  basis).  The 
simplex  method  uses  these  basic  solutions,  stepping  from  one  to  another  (by  exchanging 
one  column  in  the  basis  with  one  column  not  in  the  basis  on  each  step  or  iteration) 
until  a  solution  (called  a  basic  feasible  solution)  is  obtained  that  satisfies  all  of 
the  constraints  and  the  requirement  that  all  the  column  values  be  non-neg j  1 1 ve . 

After  a  basic  feasible  solution  is  found,  the  simplex  method  steps  along,  examining  a 
series  of  basic  feasible  solutions  to  find  one  that  satisfies  the  requirement  that 
the  value  of  the  functional  (or  objective)  row  be  a  maximum  or  minimum  (the  optimal 
solution).  For  the  MAM,  the  objective  function  is  in  mathematical  terms:  Minimize 
CTA^W.  Not  all  LP  problems  have  an  optimal  solution.  If  there  is  no  solution  in 
non-negative  variables,  or  none  that  keeps  the  variables  within  their  specified 
bounds,  the  LP  problem  Is  said  to  be  infeasible.  If  a  feasible  soluMon  is  found, 
but  the  constraint  rows  do  not  confine  the  value  of  the  functional  row  to  finite 
values,  the  LP  problem  is  said  to  be  unbounded . 
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qramminq  -  Users  Manual.  IBM. 

Manpower  Allocation  Model.  Volume  1,  Final  Report,  Contract  N00022-69-C-0076, 
Mellonics  Systems  Development  Division,  May  1969. 

Mathematical  Programming  System/360  ( 360A-C0- 14X)  Control  Language  -  Users 


PROBLEM  AREAS 


The  problems  encountered  in  the  process  analysis  phase  of  model  development 
were  basically  related  to  the  modeling  of  cost  centers  and  the  distribution 
of  intermediate  products. 


The  following  paragraphs  identify  the  problems  encountered  and  include  the  methodol¬ 
ogy  and  the  assumptions  which  were  employed  in  order  to  complete  the  modeling  of  the 
air  stations  of  CNAVANTRA. 

The  first  problem  encountered  involved  the  computer  facility  as  a  subcost  center  at 
NAS  Corpus  Christi.  Each  of  the  three  naval  air  stations  has  a  data  processing  sub¬ 
cost  center  whose  intermediate  product  is  keypunched  computer  cards.  These  cards  are, 
however,  "consumed"  only  by  the  computer  facility  at  NAS  Corpus  Christi.  In  the 
analysis  of  other  CNATRA  facilities  it  was  found  that  each  facility  could  be  treat¬ 
ed  as  a  separate  and  individual  entity  within  a  command  (i.e.,  the  Manpower  Alloca- 
t  on  Models  are  not  aggregated  for  a  command).  This  is  an  appropriate  and  feasible 
modeling  methodology  as  long  as  the  distribution  and  consumption  of  intermediate  pro¬ 
ducts  does  not  tie  together  subcost  centers  from  different  air  stations.  When,  as 
in  this  case,  several  air  stations  are  related  because  of  the  link  between  subcost 
centers  at  different  air  stations,  the  influence  due  to  this  link  upon  the  value  of 
the  objective  function  must  be  considered.  In  this  particular  case,  the  manpower 
requirements  for  the  computer  facility  at  NAS  Corpus  Christi  will  depend  not  only 
upon  the  keypunched  card  output  at  NAS  Corpus  Christi,  but  also  upon  the  keypunched 
card  output  of  thi  data  processing  subcost  centers  at  NAS  Chase  and  NAS  Kingsville. 

The  essence  of  the  problem  then,  is  that  the  manpower  allocation  analysis  for  NAS 
Corpus  Christi  cannot  be  performed  until  the  level  of  keypunched  card  output  from 
NAS  Chase  and  Kingsville  has  been  determined  or  assumed.  When  this  level  has  been 
established,  it  can  then  be  used  as  a  lower  bound  on  the  output  of  the  computer  fac¬ 
ility  subcost  center  at  NAS  Corpus  Christi.  It  is  used  in  the  model  in  the 

same  fashion  as  the  tenant  activity  and  throughput  lower  Dounds,  which  are  explained 
elsewhere  in  this  section. 

A  second  problem  arose  during  the  process  analysis  when  it  was  discovered  that  Cost 
Center  P  (Operations)  had  aircraft  under  control  in  addition  to  those  assigned  to  the 
training  $qua.,ons.  It  was,  therefore,  necessary  to  distribute  the  intermediate  pro¬ 
ducts  of  subcost  centers  related  to  aircraft  functions  to  the  subcost  centers  of  Cost 
Center  P  (Operations),  as  well  as  to  the  training  squadrons  by  the  percent  of  flight 
hours.  The  flight  hours  of  military  personnel  who  are  assigned  collateral  shift 
duties  in  addition  to  their  primary  duties  are  reported  by  Subcost  Center  6F<!0  (Flight 
Time).  These  reports  are  used  as  a  basis  to  deternine  the  percentage  of  consumption 
of  intermediate  products  for  a i rc ra f t- re  1  a  ted  functions  by  Cost  Center  P  Operations). 


-16 


PILOT  TRAINING  RATE  CONVERSION  FACTORS 


Conversion  factors  fix  the  final  product  output  rates  for  the  specific 
squadrons  relative  to  the  final  product  output  ratio  for  the  particular 
training  program. 


The  range  of  final  product  output  rate  (FPOR),  that  Is  trained  pilots,  Mas  specified 
for  the  advanced  jet  and  prop  systems  of  CNAVANTRA.  This  range  to  execute  the  model 
was  derived  from  historical  data.  Conversion  factors  (ratio  of  squadron  FPOR  to  the 
FPOR  for  the  activity)  were  computed  using  the  Student  Training  Progress  Critique, 
Jan-Apr  1969,  as  a  data  base.  The  numbers  of  graduations  were  summed  through  the 
four  months  of  data  for  each  training  squadron.  Squadrons  VT21,  VT22,  VT23,  VT24, 

V T 2 5 ,  and  VT26  were  added  together  to  obtain  a  system  FPOR  for  advanced  jet  train¬ 
ing  squadrons  VT27,  VT28,  VT29  and  VT31  were  added  together  to  obtain  a  system  FPOR 
for  advanced  prop.  The  conversion  factors  were  then  computed  as  the  ratio  of  the 
squadron  final  product  output  rate  to  the  training  activity  or  system  (advanced  prop) 
final  product  output  rate.  The  conversion  factors  for  the  advanced  jet  system  and 
the  advanced  prop  system  must  sum  to  1.0  individually.  The  conversion  factors  given 
in  Table  I  were  derived  from  the  available  data  and  used  In  demonstrating  the  model. 


Table 

-  Conversion  Factors 

Used  in  Demonstrating 

Model  . 

Type  of 

Naval 

Training 

Conversion 

Training 

Air  Station 

Squadron 

Factor 

VT21 

.213 

Ki ngsvi 1 1 e 

VT22 

.203 

VT23 

.180 

HU  V  (J  1U.CU  UC  l 

VT24 

.128 

Chase 

VT25 

.138 

VT26 

.138 

VT27 

.214 

VT28 

.183 

Advanced  Prop 

Corpus  Christi 

VT29 

.406 

VT31 

.197 

The  models  assume  that  pilots  are  trained  at  a  constant  rate  throughout  he  year. 

The  model  could  be  made  dynamic  in  this  sense  by  the  application  of  seasonal  or  cy¬ 
clic  variation  analyses  to  account  for  "peaks  and  valleys"  in  trainlno  rates  and  re¬ 
sultant  fluctuations  in  manpower  requirements.  In  addition,  the  discrete,  or  "block", 
nature  o*  the  training  syllabus  could  be  accommodated  In  the  model  by  segmentation 
of  the  process  analysis  and  simultaneously  applyino  different  training  rates  for  dif¬ 
ferent  segments  of  the  process. 
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APPLICABLE  CONSTRAINTS  ON  INTERMEDIATE  PRODUCTS 


To  Illustrate  the  use  of  lower  bound  constraints,  consider  NAS  Corpus  Christi  which 
hosts  several  tenant  activities;  specfically,  these  are  the:  1)  Army  Unit;  2)  Navy 
Hospital;  3)  Coast  Guard  Detachment;  4)  Naval  Reserve  Center;  5)  8th  Naval  District 
Print  Shop;  and  6)  Law  Center.  These  tenant  activities  consume  intermediate  products 
from  the  Security,  Public  Works,  and  Supply  cost  centers.  The  first  two  cost  centers 
are  throughputs  and,  thus,  they  are  not  recorded  in  the  process  analysis.  Cost  Cen¬ 
ter  Supply  contains  six  subcost  centers  which  distribute  intermediate  products  to  the 
tenant  activities.  The  lower  tounds  for  these  cost  centers  have  been  calculated  as 
the  product  of  the  average  number  of  work  units  produced  by  the  subcost  center  durina 
March  and  April,  and  the  ratio  of  the  number  of  people  served  at  tenant  activities  to 
the  total  number  of  people  served. 

The  specific  lower  bounds  which  were  calculated  for  demonstration  the  model  were  de¬ 
rived  for  the  available  data  as  follows: 

Subcost  Centers  of  Supply  Lower  Bound 


Desij 

jnator  Description 

Value 

Work  Units 

2330 

Household  Goods 

i  ,100 

Appl 1  cations 

2710 

Procurement  Plan 

2,800 

Procurement  line  items  processed 

2720 

Contract  Execution 

1  ,400 

Procurement  actions  processed 

2310 

Frei ght 

940 

Line  items 

9911 

Mess  Hall /Gal  ley 

47  ,000 

Dai ly  rations  i ssued 

9943 

Retail  Clothing 

32 

Volume  at  sales 

Similar  calculations  were  performed  to  account  for  the  tenant  activities  at  NAS  Chase; 
namely,  NALF  Galiad,  the  Milan  Targets,  and  NAS  Kingsville,  which  hosts  the  Orange 
Auxiliary  Landing  Strip. 

The  data  processing  cost  center  at  NAS  Corpus  Christi  also  services  NAS  Chase  and 
NAS  Kingsville.  A  lower  bound  must  be  placed  on  Subcost  Center  1  Vi  30 .  ADP  "Applica¬ 
tions"  to  represent  the  flow  of  machine  hojrs  not  consumed  by  NAS  Corpus  Christi. 

This  lower  bound  was  computed  as  the  product  of  the  averaoe  machine  operatina  hours 
per  month  at  Corpus  Christi  and  the  ratio  of  the  average  number  of  cards  keypunched 
at  Chase  and  Kingsville  to  the  average  number  of  cards  keypunched  at  CHAVANTRA.  Spe¬ 
cifically,  from  the  available  data,  the  lower  bound  for  the  intermediate  products  at 
Subtost  Center  1 H 30  is  4,000  equipment  operating  hours  (the  RMS  PRIME  work  units  for 
Subrost  Center  1 H 30 } . 
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MODEL  OUTPUT  REPORT 


The  Manpower  Allocation  Model  (MAM)  output  gives  a  detailed  report  of  man¬ 
power  requirements  for  each  subcost  center  for  specified  pilot  training  rates 
(PTR's). 


The  output  of  the  MAM  is  a  computer  listing  of  manpower  requirements  for  specified 
PTR's.  The  output,  which  contains  manpower  requirements  to  support  PTR's  (e.g.,  600- 
1800  pilots  per  year  for  advanced  jet  in  increments  of  40C  and  360-1440  pilots  per 
year  for  advanced  prop  in  increments  of  360)  is  organized  for  each  of  the  three  naval 
air  stations  as  shown  in  Figure  2-4. 


For  each  PTR,  the  first  page  contains  the  indication  of  the  PTR  (or  FP0R)  being  exam¬ 
ined.  The  FP0R  for  the  system  and  the  elements  are  Included  as  shown  in  Figure  2-4. 


Figure  2-4.  Sample  Printout  of  FP0R  Header 


The  MAM  printout  prescribes  manpower  requirements  for  overall  CNAVANTRA  pilot  train¬ 
ing  rates  for  NAS  Kingsville  with  VT21 ,  VT22,  and  VT23;  NAS  Chase  with  VT24,  VT25, 
and  VT26 ;  and  NAS  Corpus  Christl  with  VT27,  VT28,  VT29,  and  VT31 .  Other  PTR's  may 
be  defined  to  make  the  MAM  output  relevant  to  other  areas  by  use  of  the  BUPER  pro¬ 
gram.  A  sample  printout  for  NAS  Chase  is  given  in  Figure  2-5. 
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Cost  Center  -  Provides  the  RMS  PRIME  tost  center  number  and  description  (e.g.,  Cost 
Center  A,  Command  Offices;  Cost  Center  8,  Comptroller,  etc.).  The  report  is  organ¬ 
ized  by  RMS  cost  center  within  each  CNAVANTRA  annual  PTR. 

System  Annual  FPOR  -  Lists  the  annual  number  of  pilots  in  Advanced  Jet  and  Prop 
Squadrons  who  should  complete  training  at  an  activity. 

Activity  -  Provides  the  name  and  accounting  number  of  the  naval  air  station  for 
vihich  manpower  requirements  are  prescribed  (e.g.,  NAS  Chase  (60376)). 

Optimum  Work  Units  -  Provides  the  standard  ("shoulo  be")  level  of  cutpi t  'or  ail  sub¬ 
cost  centers  that  produce  Intermediate  products  consumed  by  other  cost  centers. 
Subcost  centers  whose  output  is  consumed  within  the  cost  center  (e.g.,  administra¬ 
tion)  do  not  appear  in  this  list  because  they  do  not  enter  into  the  process 
analysis.  These  standard  output  values  may  be  used  to  check  actual  performance 
(i.e.,  output  at  an  operating  PTR)  in  much  the  same  way  that  a  standard  cost 
system  is  employed  for  management  control  purposes.  These  work  units  also  preside 
the  primary  link  in  the  integration  between  the  PMM  and  MAM. 

Manpower  Requirements  Summary  -  Indicates  the  requirements  for  each  cost  center  by 
officers  and  enlisted  men  with  subtotals,  graded  and  ungraded  civilians  with  sub¬ 
totals,  and  a  grand  total  of  the  number  of  persons  needed  at  the  cost  center. 

Manpower  requirements  for  a  cost  center  or  an  activity  may,  therefore,  be  compared 
at  Increasing  PTR's  or  across  activities  for  similar  cost  centers  at  the  same  PTR. 

Billet  identification  -  An  input  variable  which  provides  the  subcost  center  identi¬ 
fication  ard  title  for  each  billet  position  (e.g.,  assistant  legal  officer,  public 
affairs  officer,  clerk  typist).  Secondary  NEC/NOBC  are  used  if  the  b - 1  let 
Identification  was  not  provided. 

Labor  Skill  Category  -  Provides,  under  the  "service"  column,  the  general  labor 
classification  ("0"  for  officer,  "WO"  for  warrent  officer,  "E"  for  enlisted  men, 

"uS"  for  graded  civilians  and  "WG".  et'  . ,  for  ungraded  or  wage  board  civilians). 

The  column  labeled  "Seri«*s"  indicates  the  appropriate  designator  for  officers,  the 
rating  for  enlisted  men,  and  the  series  for  civilian  personnel.  Where  appropriate, 
based  on  input  data,  the  primary  NEC/NOBC  also  appears  to  further  identify  the 
particular  labor  skill  cat°g.'ry  for  billet  assignment  purposes.  Tue  rank,  rate, 
or  grade  is  alsc  listed  to  indicate  the  proficiency  level  of  the  labor  skill. 
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Monthly  Manhours  and  Manpower  -  Provides  the  total  manhours  per  month  and  the 
equivalent  number  of  people  in  each  labor  skill  category  required  in  the  cost 
center.  The  "Hours  Required"  cclumr.  shows  the  required  productive  .nanhours  per 
month  for  the  skill  category  and  level  to  support  tne  indicated  system  PTR.  The 
"Leave,  Non-Ava 1 1 abl e"  column  shows  the  non-productive  manhours  allowed  each  month 
for  the  skill  category  and  level.  There  are  minimum  allowances  for  each  labor 
type,  but  the  numbers  that  appear  may  be  greater  than  the  minimum.  However,  the 
rounding  procedures  minimize  the  amount  of  this  type  of  time  for  each  series.  The 
"Gross  Hours"  column  shows  the  sum  of  "Hours  Required"  and  "Non-Available"  columns 
and  represents  the  leave  equivalent/total  number  of  hours  required  each  month.  The 
"Total  Manpower"  column  shows,  separately,  the  total  numoer  of  civilians  and 
military  required  by  skill  category  and  level. 

The  last  page  of  the  requirements  for  the  PTk  contains  a  summary  by  officer, 
enlisted  and  civilian,  graded  and  ungraded.  A  sample  of  this  printout  Is  shown 
in  Figure  2-6. 


F’.-.e  2-6.  Sample  Printout  of  Total  Manpower  ..equlrements 
Summary  for  a  Given  FPOR 
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ADDITIONAL  MODEL  OUTPUT 


In  addition  to  the  principal  output  of  the  MAM,  a  listino  by  cost,  center  of 
the  least-cost  manpower  requirements  necessary  to  support  a  specific  output 
training  rate,  additional  output  is  available  to  the  manpower  requirements 
analyst. 


In  addition  to  the  manpower  requirements,  other  information  of  a  more  analytic  nature 
is  avuilable  from  the  linear  programming  techniques.  This  information  provides  in¬ 
sight  into  the  model  structure  of  labor  utilization  and  constraints  and  consists  par¬ 
tially  of  the  following: 

1)  values  of  dual  variables; 

2)  values  of  slack  variables; 

3)  ranges  of  student  training  rates  for  which  labor  is  linear;  and 

4 1  labor  cost  changes  which  necessitate  process  substitution. 

The  values  of  the  dual  variables  (also  referred  to  as  internal  opportunity  costs  or 
shadow  prices)  are  available  from  the  linear  programming  computer  output.  These 
variables  are  numbers  which  represent  the  effect  (value)  of  the  constraints  (right 
hand  sides)  on  the  objective  function  (least-cost  labor  mix  cost)  at  the  optimum. 
Mathematically,  they  are  the  rates  of  change  of  the  objective  function  with  respect 
to  the  right  hand  sides  of  the  constraint  relations  evaluated  at  optimality.  There 
is  a  unique  dual  variable  corresponding  to  a^h  of  the  constraint  relations. 

These  dual  variables  have  a  further  Important  economic  interpretation,  namely:  Those 
products  for  whom  the  corresponding  dual  variables  are  equal  to  zero  are  free  goods  , 
in  that  some  small  additional  amount  of  them  may  be  used  without  increasino  the  cost 
of  running  the  base.  Otherwise,  they  represent  the  unit  cost  as  represented  by  in¬ 
creasing  tne  total  base  operating  cost  of  requirino  a  small  additional  amount  of  some 
product.  For  example.  If  there  Is  excess  supply  over  demand  for  a  product,  this  ex¬ 
cess  is  a  free  good  In  that  it  doesn't  involve  any  additional  cost  to  use  it.  On  the 
other  hand,  for  a  product  (either  intermediate  or  final)  for  which  supply  just  equals 
demand,  it  will  require  operating  some  cost  centers  at  higher  activity  levels  to  make 
more  of  this  product  available.  Hence,  there  is  a  cost  associated  with  the  constraint 
on  the  goods.  The  general  principle  is  that  there  are  positive  internal  opportunity 
costs  for  those  products  for  which  the  constraints  (greater  than  or  equal  to)  are 
binding.  This  Is  referred  to  as  complementary  slackness  in  mathematical  programming. 

Associated  with  each  product  (final  or  intermediate)  is  a  slack  variable.  Corres¬ 
ponding  to  each  product  Is  an  equation  or  inequality.  The  valur  of  this  variable  re¬ 
presents  the  excess  of  production  over  consumption,  and  this  quantity  is  non-neqati ve . 
Thus,  the  value  of  the  slack  variable  represents  the  amount  of  "fat"  in  the  system. 
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It  will  be  positive  for  free  goods  and,  as  discussed  above,  is  Intimately  connected 
with  the  dual  variables.  Mathematically,  a  constraint  is  bindlno  when  the  associated 
slack  variable  is  zero. 

Items  (3)  and  (4)  above  are  obtained  by  what  Is  referred  to  as  parametric  linear 
programmi ng.  This  is  not  currently  part  of  the  linear  programming  output.  To  obtain 
such  information,  the  proper  computer  commands  must  be  added  to  the  MPS  part  of  the 
data  processing  system.  This  is  not  envisioned  as  a  major  computer  programming  task. 

By  use  of  parametric  linear  programming  (a  standard  part  of  the  Mathematical  Program¬ 
ming  System  (MPS)  of  the  IBM  360/67  computer),  it  is  possible  to  determine  the  ranges 
of  student  training  rates  where  labor  demands  are  linear,  this  may  be  analyzed  for 
both  individual  cost  centers  or  an  entire  facility.  This  technique  may  also  be  used 
to  investigate  the  impact  of  labor  cost  changes  on  optimal  manning  requirements.  The 
obvious  impact  is  that  if  individual  costs  go  up,  so  will  the  total  cost  of  running  a 
base.  However,  it  is  possible  that  costs  can  change  in  such  a  way  that  the  manner  in 
which  a  cost  center  is  organized/operated  will  have  to  be  changed. 


2-23 


SECTION  3 

PRODUCTIVITY  MEASUREMENT  MODEL 

DESCRIPTION 
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DATA  SOURCES  AND  FLOW 


The  Productivity  Measurement  Model  '>ses  monthly  RMS  PRIME  data  to  form  a 
variety  of  measures  which  are  aggregated  to  successively  higher  levels. 


The  RMS  PRIME  data,  used  as  inputs  for  the  Productivity  Measurement  Model  (PMM),  is  shown 
in  Figure  3-1.  For  each  subcost  center  and  time  period  covered,  the  inputs  are: 

1)  number  of  work  units  performed  or  accomplished: 

2)  number  of  productive  military  and  civilian  labor  hours  expended; 

3)  amount  of  military  and  civilian  labor  dollars  expended. 

This  data  is  directly  available  from  the  RMS  PRIME  7000-3  reports.  The  military  and 
civilian  labor  hours  and  labor  dollars  are  summed  in  the  program  to  provide  the  model 
with  total  labor  hours  and  total  labor  dollars  for  each  subcost  center  by  time  period. 


Conventional  productivity  measures  which  are  the  unweighted  ratio  of  output  (in  work 
units)  divided  by  input  (In  dollars  or  manhours)  are  computed  directly  from  the  RMS 
PRIME  data.  Since  these  conventional  productivity  measures  have  no  normalizing  cri¬ 
terion,  they  generally  cannot  be  meaningfully  compared  either  horizontally,  among 
subcost  centers  performing  similar  functions,  or  vertically,  among  subcost  centers 
performing  dissimilar  functions. 


The  PMM  forms  standard  productivity  measure  (SPMj)  by  dividing  the  cumulative  total 
work  units  produced  in  the  subcost  center  by  cumulative  total  labor  costs  (Figure  3-1). 
This  standard  (the  cumulative  average  productivity  measure  in  dollars)  is  automatical¬ 
ly  updated  by  the  program. 


The  use  of  the  cumulative  average  of  past  productivity  mea:  urements  as 
(historical)  has  the  advantage  that  it  smooths  out  fluctuations  in  the 
An  alternate  method  of  computing  a  historical  standard  is  to  determine 
age.  Still  another  type  of  standard  is  the  engineered  standard.  Data 
of  standard  is  not  available  in  RMS  PRIME  reports,  but  can  be  obtained 
sampling  data,  3M  data,  or  other  technical  sources. 


a  standard 
monthly  data, 
a  moving  aver- 
for  this  type 
/'rom  work 


The  productivity  model  forms  a  productivity  index  (PI)  for  each  subcost  center  by 
dividing  the  conventional  productivity  measure  (FPMj)  by  the  standard  (SPMj), 
(Figure  3-1).  The  standard  is,  thus,  a  general  normalizing  criterion.  All  subcost 
centers  can  be  compared  on  the  basis  of  how  well  they  produced  in  relation  to  their 
own  standard.  The  productivity  index  is  then  used  to  calculate  the  production  mea¬ 
sure  (PM)  of  the  output  of  the  subcost  center  (Figure  3-1).  This  is  formed  by  mul¬ 
tiplying  the  labor  productivity  index  by  the  labor  costs,  and  is  a  measure  of  the 
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value  of  the  output. 


By  summing  the  PM's  of  the  subcost,  centers,  the  model  forms  a  measure  of  the  total 
output  value  of  the  total  produce  i  vi  i-  measure  ( 7 M )  of  the  cost  center.  When  this 
is  divided  by  the  total  labor  costs  (TLC) ,  the  result  is  an  aggregate  productivity 
index  for  the  whole  cost  center,  which  is  an  average  of  the  productivity  indices  of 
the  subcost  centers  weighted  by  their  labor  costs.  By  summing  the  total  production 
measures  and  labor  costs  to  the  station  or  major  commend  level,  similar  productivity 
indices  for  the  entire  station  or  major  command  are  formed  (Figure  3-1). 


RMS  PRIME  7000-8  and  7000-9  REPORTS 


Where:  a  =  individual  subcost  center 
i  =  month 

m  *  total  number  of  monthly  data 
n  *  number  of  subordinate  subcost  centers 


Figure  3-1  Data  Sources  and  Flow  in  the  Productivity  Measurement  Model 
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limitations  and  assumptions 


Productivity  measurements  cannot  be  arbitrarily  applied.  The  nature  of  the 
data,  or  of  the  work  done,  may  significant!/  change  the  meaning  of  the 
measurements . 


Productivity  in  the  most  general  sense  is  the  relation  of  output-  to  inputs,  produc¬ 
tion  to  costs,  or  simply  "what  was  done"  to  "what  it  took  to  do  if".  The  validity  of 
a  productivity  measure,  then,  depends  on  the  accuracy  of  the  measurement  of  outputs 
and  inputs.  Since  the  PMM  assumes  that  RMS  PRIME  data  accurately  and  meaningfully 
measures  Inputs  and  outputs,  the  user  should  be  aware  of  the  cases  when  this  is  not 
true.  Figure  3-2  presents  a  summary  of  the  cases  which  limit  or  change  the  applica¬ 
bility  of  productivity  measures. 

The  first  problem,  inaccurate  reporting  of  data,  is  a  continuing  problem  in  any  infor¬ 
mation  system.  The  PMM  is  a  helpful  tool  in  limiting  these  inaccuracies  and  can  be 
used  for  data  verification,  Errors  nnich  might  not  otherwise  be  noticed  often  result 
in  obviously  questionable  productivity  measures.  The  accuracy  of  the  data  should 
always  be  checked  before  accepting  any  productivity  measure  which  is  either  extremely 
high  or  low. 

Although  most  subcost  centers  actually  perform  a  variety  of  functions,  the  mix  of  out¬ 
puts  is  usually  constant  enough,  and  the  differences  small  enouoh,  so  that  the  work 
units  are  an  acceotably  accurate  measure  of  the  total  output.  In  some  cases,  this  is 
not  true,  and  the  productivity  measures  then  have  limited  application.  A  prime  exam¬ 
ple  is  the  public  affairs  or  public  information  office  which  counts  a  telephone  call 
and  a  formal  briefing  equally.  Where  possible,  significantly  different  outputs  should 
be  weighted. 

In  other  cases,  ever,  though  there  is  only  a  sinale  item  counted  for  the  worx  unit, 
the  result  may  be  only  a  very  crude  approximation  of  the  work  done.  An  example  of 
this  Is  the  ground  electronics  maintenance  subcost  center  whose  work  unit  is  cubic 
feet  of  electronic  gear  maintained. 

The  PMM  Implicitly  assumes  that  high  productivity  has  a  positive  value.  However,  a 
higher  productivity  may  not  be  desirable  in  some  cases  because  of  the  nature  of  the 
function  of  the  subcost  center.  Subcost  centers  where  quality  of  outpus  is  critical 
but  unquantlfiable  is  a  case  in  point.  A  course  whose  work  unJt  is  man  months  of 
instruction  can  only  have  a  meaningful  productivity  measure  if  the  quality  of  the  in¬ 
struction  does  not  vary.  This  is  not  an  unrealistic  assumption,  but  it  does  limit 
the  ability  of  productivity  measures.  The  essence  of  an  increase  in  productivity 
would  not  be  an  increase  in  man  months  of  instruction  per  labor  dollar,  but  an  in¬ 
crease  in  the  amount  of  learning  per  man  month  of  instruction,  and  this  cannot  be 
measured. 


Continuing  high  productivity  in  subcost  centers  ! ;h 1 c h  hav;  the  mission  of  being  pre¬ 
pared  to  handle  emergencies  is  not  necessarily  desirable.  A  medical  facility  w’th 
high  productivity  measures  may  be  understaffed  and  unprepared  for  an  epide,.iic  or 
catastrophe,  likewise,  a  high  productivity  measure  for  an  aircraft  maintenance  sec¬ 
tion  mav  mean  that  there  is  a  queue  of  aircraft  awaitino  repair.  In  this  case,  while 
the  maintenance  section  is  highly  productive,  the  base  efficiency  is  reduced  because 
they  lack  the  manpower  required  to  return  aircraft  to  service  promptly.  High  produc¬ 
tivity  levels  may  not  be  desirable  for  subcost  centers  whose  function  and  activity 
level  is  determined  by  policy.  The  personnel  services  such  as  the  chaplain's  office, 
family  service  center,  and  special  services  fall  into  this  category.  The  quality  of 
their  work  is  as  important,  or  more  important,  than  the  quantity,  but  since  their 
output  is  measured  in  number  of  persons  served,  a  high  productivity  may  well  mean 
less  service  to  each,  or  simply  that  they  are  understaffed. 


A.  MEASUREMENT  INACCURACIES 

1.  Inaccurate  reporting  of  data 

2.  Work  units  which  do  not  accurately  reflect  output 

a.  Multiple  types  of  output  which  are  not  weighted 

b.  Single  output  which  does  not  reflect  work  required 

B.  PROBLEMS  RELATED  TO  NATURE  OT  FUNCTION 

1.  Quality  is  crucial  but  unquantifl3ble 

2.  Preparedness  for  contingencies  is  important 

3.  Functions  are  determined  by  policy 


Figure  3-2.  Problems  Which  Alter  cr  Limit  the  Use  of  Productivity  Measures 
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SECTION  4 

MANPOWER  ALLOCATION  MODEL  AND  PRODUCTIVITY 

MEASUREMENT  MODEL  APPLICATIONS 
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RELATIONSHIP  Or  MODELS  TO  PPISS 


The  Manpower  Allocation  and  Productivity  Measurement  Models  are  designed 
to  be  directly  useful  in  the  Planning  Programming  and  Budgeting  System 
PPBS)  of  the  Department  of  Defense  which  requires  an  exchange  of  informa¬ 
tion  and  data  related  to  manpower  requirements  and  the  justification  of 
these  requirements. 


The  PP3S  requires  extensive  formal  dialogue  relative  tc  Navy  manpower  and  involves 
several  activities  within  the  OoC  and  Department  of  the  Navy.  At  any  one  point  in 
time,  these  activities  may  be  concerned  with  manpower  requ 1 rcments  for  five  differ¬ 
ent  fiscal  years.  For  example,  work  on  the  FV'72  budget  begu..  February  1  969  with 
the  receipt  of  tne  update  of  the  Department  of  Defense  five-year  defense  program 
(FYDP),  As  the  dialogue  continues  (Figure4-1)  more  constraints  are  defined  in  terms 
of  the  force  level  requirements,  budget  limitations,  po.icies  related  to  the  number 
and  mixture  of  personnel  available,  and.  finally,  constraints  related  to  detailing 
specific  individuals  to  fill  the  defined  manoower  requirements.  More  constraints 
are  defined  as  the  • i me  for  implementing  the  particular  budget  approaches.  In 
general,  there  are  at  least  three  levels  c  which  they  are  applicable  in  the  PPBS. 

First,  the  allocation  model  can  ce  used  to  generate  unconstrained  Navy  manpower 
requirements  as  a  t  'notion  of  total  planned  Navy  forces  An  example  of  this  use 
would  be  as  an  input  from  tne  Office  of  the  Chief  of  Naval  Operations  (OpNav)  to 
the  Joint  Chiefs  of  Staff  (JCS)  for  the  Manpower  Annex  of  the  Joint  Strategic 
Objectives  Plan,  VoU  1,  Force  Tabulations. 

Second,  the  allocation  model  can  be  ,.sed  to  generate  Navy  manpower  requirements/ 
allocations  as  a  function  force  size,  uuch  allocations  to  De  generally  constrained 
by  total  Navy  personnel  end  strength  jr  payroll  dollars.  Examples  of  this  use  would 
he  in  OpNav  response  tc  OSD  Manpower  Program  eamoranda,  JCS  Joint  Fore  Memoranda, 
Navy  Program  Oojectives  Memoranda,  and  to  rrepare  Progtam  Change  Requests,  Reclamas, 
and  Five-Year  Defense  Program  updates  in  the  annual  Planning,  Programming  and  Budget- 
i ng  eye  1 e . 

'hird,  the  allocation  model  can  be  used  to  generate  manpower  allocations  in  imple¬ 
mentation  of  program  and  budget  decisions,  and  as  specifically  constrained  by  the 
inventory  of  personnel  available  to  the  Navy  in  the  short  run.  fhe  principal  users 
of  tne  models  in  this  mode  would  be  OpNav  for  manpower  authorisations  jnd  BuPer; 
for  personnel  distribution. 

Fach  manpower  allocat'on  model  developed  has  used  the  same  basic  structure  of  pro¬ 
cess  analysis  and  linear  programming  to  evaluate  manpower  requirements.  These  are 
predictive  models  used  tc  determine  the  optimum  (least  cost)  mix  of  'idDor 


described  in  terms  of  service,  series,  grade,  and  NEC/NOBC)  to  produce  a  required 
:hore  activity  output.  In  addition  to  this  basic  model  formulation,  a  method  for 
the  competitive  bidding  for  labor  resources  has  been  developed.'  This  scheme,  in 
effect,  "forces"  managers  to  more  efficiently  use  the  types  of  labor  which  are 
abundant  at  a  particular  time.  Finally,  when  a  particular  mixture  of  labor  has 
been  assigned  to  a  shore  activity,  the  effecti /eness  of  this  labor  force  can  be 
measured  by  means  of  the  appropriate  productivity  measurement  model. 


FY ' 70  — 


NAVY  DECEIVES  UPDATE  OF  SEC. 
DEF.  5-YR  DEF.  PROG. (FYDP ) 


JSOP  VOLUME  I  STRATEGY 


MANPOWER  INPUiS  TO  0S0P  VOLUME 
II  FROM  OPNAV 


JCS  PUBLISHES  JSOP  VOLUME  II 
W/MANPOWER  ANNEX 


OSO(SA)  PUBLISHES  MANPOWER 
PROGRAM  MEMO  (FORMER  DuM ) 
FOR  "COMMENT" 


OPNAV  COMMENTS  ON  MANPOWER 
(VIA  SEC.  NAV.) 


OSD(SA)  PUBLISHES  MANPOWER  PM 


OPNAV  SUBMITS  PCR(RECLANA) 
TO  MANPOWER  PM 


OSD  ISSUED  PROGRAM  CHANGE 
DECISION  PCD 


OPNAV  IMPLEMENTS  PCD  IN 
NAVY  FYOP 


OPNAV  SUBMITS  NAVY  BUDGET 
(MANPOWER  TO  OSD) 


OSD  ( COMPT )  SUBMITS  UOD  INPUT 
TO  PRESIDENT'S  BUDGET  TO  BOB 


PUBLISH  PRESIDENT' S  BUDGET 


SEC.  DEF.  POSTURE  STATEMENT 
TO  CONGRESS 


CONGRESSIONAL  HEARING  ON 
DOD  8UDGET 


NAVY  IMPLEMENTS  DOD  APPN  * 
(MPN  &  MANPOWER  ALLOCATION) 

FOR  BALANCE  OF  FY' 70 


*  MODEL  APPLICATION  UNCONSTRAINED 
**  PARTIAL  CONSTRAINTS 
***  ACTUAL  CONSTRAINTS 


figure  4-'.  (>P85  Activities  Relating  to  Manpower  in  F  Y  *  7  0 


1.  Manpower  Allocation  Model,  Final  Report,  Contract  N00U22-69-C-0076,  May  1969 


CONTINUOUS  MODEL  APPLICATIONS  IN  THE  PP8S 


A  planned  program  of  model  applications  is  required  in  order  t.o  see*  more  nearly  op¬ 
timal  solutions  in  response  to  the  PPBE  requirements  over  time.  These  models  are  of 
complex  organizations  or  systems  in  which  many  intangibles,  such  as  manaaement  capa¬ 
bility,  morale,  environment,  etc.,  bear  directly  on  thp  performance  and  capability  of 
the  shore  activity.  Thus,  it  would  be  unrealistic  to  take  a  "snap  shot"  of  a  navy 
shore  establishment  and  use  this  data  to  describe  the  operation  at  some  later  time. 

If  the  models  are  applied  periodically  ever  time  in  synchroni zati on  with  the  PPBS 
cycles,  the  net  effect  would  be  two-fold.  First,  more  realistic  data  ran  be  provided 
in  the  PPBS  dialogue.  Second,  the  establishment  would  be  "forced"  to  more  nearly 
optimum  use  of  manpower.  The  scheme  by  which  this  could  be  accomplished  is  illustra¬ 
ted  in  Figure  4-2.  Initially,  actual  historical  data  is  used  to  form  the  two  technolo¬ 
gies.  This  data  Is  derived  from  RMS  PRIME,  OPNAV  reports,  and  related  sources.  Each 
level  of  model  application  described  above  (unconstrained,  partially  constrained,  and 
const. ained)  results  in  an  optimal  least-cost  solution.  This  solution  then  becomes, 
in  effect,  a  requirement,  or  plan,  in  the  PPBS  at  the  appropriate  level.  In  practice 

for  numerous  rea.nns,  the  plan  may  not  be  completely  achieved.  This  fact  may  be  de¬ 

termined  from  actua1  data  ( RMS  PRIME,  etc.).  In  subsequent  applications  of  the  model, 
the  previous  optimum  solution  can  he  used  to  form  one  technology,  and  the  actual  per¬ 
formance  data  (RMS  PRIME)  can  be  used  for  the  second  echnology.  The  resulting  opti¬ 

mum  solution  would  then  reflect,  in  effect,  what  is  derived  and  what  can  be  achieved. 
This  successive  model  application  is  not  unlike  the  functionino  of  a  missile  guidance 
system.  Based  on  previous  data,  the  guidance  system  generates  a  solution  (steering 
command)  for  Impact  on  the  target.  Due  to  errors  inherent  in  the  system  or  a  target 
maneuver,  the  current  solution  can  be  in  error.  As  updatph  data  (scan  of  the  guid¬ 
ance  radar,  for  example)  is  received,  a  new  solutior.  with  new  steerino  commands  is 
provided.  This  Interrelationship  between  prediction  and  measured  data  results  in  the 
opUmum  solut'on;  namely,  Impact  of  missile  on  *arnet. 
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Figure  4-2.  Continuous  Model  Usage  in  PPBS 
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RELATIONSHIP  OF  THE  MANPOWER  ALLOCATION  MODEL  AND  PRODUCTIVITY  MEASUREMENT  MODEL 


The  Manpower  Allocation  Model  1c  used  to  determine  optimum  manpower  alloca¬ 
tion  and  Is  used  In  conjunction  with  the  Productivity  Measurement  Model. 


A  productivity  measurement  provides  a  measure  of  the  efficiency  of  allocating  labor 
resources.  A  knowledge  of  the  productivity  levels  and  trends  is  essential  for  esti¬ 
mating  optimum  manpower  needs  and  allocations  accurately.  The  manpower  allocation 
and  productivity  measurement  models  complement  each  other.  The  manpower  allocation 
model  is  predictive  and  the  productivity  measurement  model  is  basically  analytical. 
The  manpower  allocation  model  tells  what  the  outputs  and  labor  inputs  should  be  at  an 
optimum  level  of  operation.  The  productivity  measurement  model  shows  the  actual  ra¬ 
tio  of  outputs  to  labor  costs  and  manhours.  The  ratio  of  outputs  to  inputs  at.  opti¬ 
mality  in  the  allocation  model  can  be  used  as  a  standard  in  the  productivity  model. 
The  use  of  this  ratio  as  a  standard  has  several  advantages.  First,  the  productivity 
model  can  be  used  to  verify  the  predictions  of  the  allocation  model.  Second,  the 
standard  is  more  realistic  than  the  average  of  past  productivities,  since  the  alloca¬ 
tion  model  considers  shortages  and  excesses  in  various  labor  categories  and  the  re¬ 
sulting  need  to  trade  off  one  type  of  labor  for  another. 

An  example  of  the  possible  interaction  of  the  results  of  the  productivity  measure¬ 
ment  model  to  the  manpower  allocation  model  can  be  demonstrat'd  by  considering  data 
from  a  single  cost  center,  1J30,  Training,  at  NAS  Corpus  Christi.  For  this  example, 
the  productivity  measurements  for  the  two  time  periods  are  shown  in  Figure  4-3.  The 
standard  used  is  the  cumulative  average  over  the  entire  four  months  period. 
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Figure  4-3.  Sample  Comparative  (High/Low)  Productivity  Measurements 
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The  effect  which  a  difference  in  productivity  can  have  on  manpower  allocation  can  be 
seen  hy  comparing  the  manpower  roi|'»i  rements  when  high  productivity  is  used  (Figure  4-4) 
and  when  the  period  of  low  productivity  is  used  (Figure  4-5). 
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SECTION  5 


MODEL  INPUTS 
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!  AI'.OI'  nil  III  UY  '.FILL  (.ATI  l.OPY  AND  I.IVI! 


A  i  iimp  I  I.  <■  listing  of  the  raw  labor  inputs  forms  a  basis  for  *’ho  generation 
of  manpower  assignments  for  each  specified  level  of  final  product  output 
rale.  Final  products  data  available  for  model  input  is  also  listed  for  com¬ 
parison  with  desired  CNAVANTPA  output  rates. 


I  be  following  is  a  complete  listinq  of  labor  inputs  for  each  of  the  three  naval  air 
stations  of  CNAVANTPA  NAS  Corpus  Christi,  NAS  Chase,  and  NAS  Kingsville,  fach  page 
will  contain  a  specific  cost  center  with  the  skill  levels  allocated  (officer,  warrant 
officer,  enlisted  and  wage  borari).  Notice  that  each  rank  or  rating  maa  contain  many 
different  categories  or  designations.  The  MAM  accetps  each  laoor  category  as  a  uni¬ 
que  input. 

Fioure  B-l  shows  the  available  data  for  the  Advanced  Jet  System  at  NAS  Kingsville  and 
chase . 

Figure  5-2  shows  available  data  for  Advanced  Prop  System  at  NAS  Corpus  Chri-ti. 
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I'F’, 

V'r  7 

ATPY  , 
\n»AA  , 

API*’  , 
y\ca  , 

J'l  . 
«*.  , 

■•*■**, 

Av.n, 

JIM', 

4  *?  , 

A  MV, 

5 


SW  TRARON  31 

r o® pus  chrism 


i i»n«  Tyo' 
inn  r.RACF 
-CB 
LCC1* 
l.T 

LT.ir, 

FNS 

wn-  * 

e-  q 
B-  o 

c-  7 


c_  * 
p-  A 
p-  3 
«-  2 


Hie: 

?tos 

lie*, 

lie', 

1*1  c, 

AFCM, 

4nr«, 

YNC  , 

PM1  , 


1  3  C » 
3  3’C, 
1  3'*. 
1233, 


.PNC 

VN1 


'  3FC » 
*P  CP, 
l’l*. 


ar&c, 

pm  < 


l  ?i* , 

1310, 


1  331  , 
13l«, 
1  3<5P  , 


1310 


1 


ARSC. 

ATI 


yw?  ,  PN?  ,  *R?  ,  ACS2,  ATR2,  ATN2, 
PR  ?  ,  A*?  ,  *72  , 

nu*  .  yN3  ,  PA?  ,  ACS'*,  ATN?,  AC3  , 


RM 

A73 


AN  ,AMBAN,AMH*A,*TRAN,40R*A,  VKSK, 
42  AN , 

AA  ,AOR A A  ,  ? A  ,  A  7AA  , 


AUK, 
A*1!  , 

API  , 

ANSI, 

*r;  , 

AF2  , 

A“S2» 

AF?  , 

*“S3, 

AHH3, 

SN  , 

PN  , 

A5AN, 

AMH1, 
AMH2, 
PR  3  , 
PRAN, 


6B  SECURITY 

CORPUS  CHRIST! 


LARflR  Type 
ANfl  CRACF 


rro 

tT 

He?; 

we-  4 

73*3, 

r-  c 

RHC**, 

4CCM  t 

e-  p 

ANHCS, 

*RT«r . 

ARC*, 

C-  7 

PNC  , 

MMf  f 

SFC  , 

APHC  , 

BT, 

T-  4 

®N  1  , 

MV]  , 

ATI  , 

PM  , 

RM?  , 

SF1  , 

r.vci , 

A PHI  ,  c»l, 

*  CMl 

S'*  1  , 

*1  1  « 

e„  * 

$FP  *  , 

TC?. 

PT?, 

*R? , 

MM?  , 

PN?  , 

YN’, 

SR?,  SHR>, 

e  cm? 

0“*?, 

t 

'M, 

fine,?  f 

«H?  , 

r-  4 

PN*, 

t.  i 

"N, 

nr  ck  f 

ry»'K, 

e», 

4 

r —  4 

A  A, 

, 

A PH«  A  , 

*?*-  1  1 

SI  . 

r,  c  -  c 

°c, 

a*  f 

re-  « 

? 

v*c, 

P«  f 

re-  4 

1*! 

0’, 

f;r-  « 

*’ , 

r.e-  ; 

’2*. 

t 

er, 

. 

r.e-  ■> 

*r>, 

0« 

Pr  . 

"* 

, 

re-  9 

Pftl  , 
AMF2, 
AR  ?  , 
ARAN, 


OH), 

API-?. 


5-8 


lAPfR  TPCHKiCtrOY 


/-rp f u?  rworc.TT 


(  «r.-io  TYP' 

IMr  PIJ4PC 
0  HO  T 
I  PM 
17.10 
r  -  o 
e_  i 
f 

c_  = 
e-  4 
r-  7 

r,«-  ’  2 
o*-U 
0=-lC 
c,*-  s 
p  <:-  a 
r.  f  _  i 

0*-  4 
r; c_  e 
r.  i-  4 
r,«-  ’ 
0*-  2 
wr-ii 

u*-lC 

WR-  a 
UR-  E 
WR-  7 
go-  f. 
WR-  • 

UR-  4 
WO-  2 
ur-ii 
U'.oe 
UC-PC 

w'-i’ 
U*-77 
WC-Y1 
g  a-  *  7 
W*-** 

w*.-5« 

w«-*l 

W*-'«l 

UC-RR 

W*-i* 

U  X—  4  * 
U*-  1» 
UP-  IP 
gr-p.o 
gp-  n 
1  C 


Rio*, 

R’C1, 

r;cc, 

Rl.T  «  , 

C  vr  . 
n  i;i . 
r.MR , 

CO  1  , 

For  * , 
34  • , 
v.’  , 

11  71, 
*40, 
3CC1  , 
*7*. 
145, 

i  1  ’  » 

PC’, 

77  7, 
’C’. 
p?0C?.( 
4200'*, ■ 
*4CCT.' 
lOOC*. 
«'-CC^ . 

**CC7, 
‘•SCO 1  • 

*?rc’ , 
3*00’. 
*7==C, 
4  7C'-*  C . 
477  =  1 , 

?p  no*, 
*  7  C  4  C  » 
*7r=i  , 
*40*’ i 
Ainop. 

14(!5  =  , 

i*C*3, 
37CC3, 
54 C1  *, 
*RCCP, 
«RC1 4  , 
4704’, 

3  *  C  C  '*  • 
47C*J, 
47CC’. 

4  7  C  a  ?  * 


51CC, 

l.*  1  , 

C*-l 

*A, 

«C’  , 

°!  C. 

°f  i 

3*1  , 

PC* 

1171  . 

*1  ° , 

r  7 

*C1  , 

ip? 

7*7  , 

if  i 

3*7, 

3  C1 

101  ,  3  07  0  , 

70*!  1!  ?  ,  2020,  p”. 


V-CC’ 
/■’00* 
''•‘CC7 
=  40’* 
'ICC1 
?  7CC* 


,<  PCC* 
,i*0C' 
,*TCC  1 
,r1C1  ' 


.41  CO*.  ,=PO(l*-,PRCOR,?e007,?i'OOe,rT')22.3"004,  '  200  7, 

P’01*  -;?007, 1-001. *»007,P- 11  0,'-1  0. 

*  11  OOA  ,14  o'  7  , 1400  7.  IPO  7  1,1  *.010,4  *04’, 

,*7<;?a  ,  =  4  01  r  ,*4.00°  .  * 


f7cc*.*7 r**, 

41  C07.’4ftCC7, 2*100*.  1*00'  ,  1  =  04?,  *70’’. 4  700*.,  7fi.10*,i7COl.  *100*. 


=  7CC*. 


4  1 C * 0  , 4  7 C C  ,  5  1 C  *  1  ,740*’  , 

*6ccr.?*rc*  ,*i co*  ,7«oo*  ,*7o’’,,-'o  lo.'  ?oo* . rnl  * . 

4*CC7,47C  =  f  f  =  Pfi?7  , 
e  i  ;  e  1  ,  =  4  C  * 1  , 


5-9 


I  ARC*  TCchnpiPGY 


STAr 

CNAVANTRA  ST^ - ~ 

0P7PIJ5  0H° 

tSTT 

i  M^no  iyee 

iNr  r,«4cp 

»DM 

}3iC, 

r  aot 

Inc, 

?«CC, 

rro 

131C, 

i  ?n , 

LCDS 

131  1. 

!?!?, 

1 1 C  C  » 

L<Mr  .. 

mo. 

1750, 

M02,  5100, 

7’00,  1 7  ^  3 , 

l.  T 

132C. 

?;ce, 

42C?  , 

‘402  , 

7702  , 

4R0?  , 

l\io 

13M, 

1 !  C  *  « 

c.  r 

apc«, 

\  c-  p 

PNC  «  , 

yno « , 

a  mot. 

A/cq, 

*—  7 

MIJC, 

YNO 

CYC  , 

AOJP, 

SMC, 

AMO,  ff , 

r-  * 

$n’ , 

Ml,1  , 

PC  1  . 

‘.OP’  , 

r.Yr.i  , 

MM’  , 

AKl,  C-K 1  , 

YWt,  47’, 

ATI, 

C-  * 

RK2, 

M|7, 

P  N  7  , 

MM?  , 

YN2  , 

C™  t, 

M|J  2  > 

YA*1  , 

P-  * 

TN» 

«1'7' , 

CK  , 

r-  2 

paca  , 

r,<;- 1  ■> 

34', 

2 1  c0 . 

ec! , 

5  04  , 

'’l-l  2 

21  5C, 

ori  t 

e*C, 

ft-11 

■>4  ■>  f 

*c: , 

TIC, 

*A>0  , 

re.  q 

1  5  1 1  * 

7  AC  • 

c,  o 

?!  P, 

rq-  7 

'in 

344, 

21*C, 

r,q-  * 

3!  !, 

AC*  , 

rm , 

rq_  r 

?!  °, 

7Ce, 

?C!  . 

’  530, 

1*7’  , 

r,p-  ^ 

7  4'., 

*0*. 

??7, 

71  ?  , 

7  04, 

30  ’  , 

10?1  f 

r,c_  “a 

??7, 

*12. 

r.q-  2 

**07  . 

??’, 

W"-  2 

-»50C2, 

W-  A 

loci  f 

J 

J 
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I  **rr  •»rc,«N<'f  nnv 


COMMAND  AND  STAFF 
rM««e 


I  IOTP  TyPr 
iur  no  « r i - 


OPT 

me, 

r  OC 

’MC, 

'•r  o 

41C0, 

1  T 

IPS, 

»■  _ 

*» 

<PC, 

A 

*“1  , 

C 

YN?, 

r  _ 

•J 

SA, 

P, '‘- 

r; 

c  t  • , 

rIc- 

A 

*1*, 

r,c  - 

■i 

322, 

r:<- 

*22. 

n:c. 

w«r , 
C*”. 


IN^WSTNIAL  RELATIONS 

CHASE 


’IN, 


1  4B0P  TVPP 
AND  PR*nF 

n«-ii 

GS-  * 

201, 

212. 

ns-  y 

RS-  * 

IS?: 

GS-  2 

322. 

COMPTROLLER 

fW»<F 


I 4*0*  TYP" 

*ho  0**0? 


t  CP# 

r,«-n 

nee, 

sc*. 

R<-  <5 

3*1 , 

96C 

ns-  T 

««c. 

«C’ 

ns-  * 

**J. 

SC! 

r<_  ■> 

4»5, 

S2C,  S<»0, 


DATA  PROCESSING 


CM  AS? 


1**0*  Type 
INO  or  *of 
ON-  5 

ns-  * 
n «-  5 


HA, 

*ci 

JM, 


»•»!, 


D  ADMINISTRATION 

rw*sr 


UPfp  rypp 
j\ir  Rp*rr 


r  no 

pi  c. 

f  T 

inn 

per. 

lt  r 

no*. 

T- 

/. 

'  3?« , 

u  rs, 

wn- 

2 

1 

7S2*, 

Wr"- 

7fP, 

^  _ 

VNC, 

r>- 

A 

fvi  , 

ON!  , 

“  - 

r 

p'  i , 

V*.2, 

FM, 

c. 

4 

°N  ’ » 

YV*. 

r>*n 

C- 

3»»l, 

*f . 

r:. 

c ' , 

ryv«* , 

P4, 

r,«*~ 

r 

» i  ’ , 

rt- 

’*■», 

i*  r  - 

£ 

*  1  2 » 

»*’. 

2C<  , 

r  *  - 

■» 

30*. 

*C<  , 

f\  C- 

“> 

*r*. 

*N1  . 

CK?  ,  ■“»,  *«■»,  PT»->,  Jl»? 

"**  . 

»*, 


’  '  I  ’  , 


'  AP's  TFf:4N<'|.rr)v 


[_«.«*’?  I  VC  n 
fin  no  » rr 


L  T  Jr» 

l’C«, 

»4**. 

7"’  , 

*■ -  * 

C  «r.v. 

-  ..  Q 

ere  e  , 

"*r  e  , 

fKr, 

.i*r  , 

co  1 

AM  . 

-  _  e 

e  V> , 

■"i’, 

/ 

m  t 

'*?  , 

c-  1 

Tk' , 

4  K  A  w  , 

--  5 

T  '■  1 

<*  . 

r«-  c 

?CC’  , 

rf*.  *> 

me, 

r  **-  a 

51  u, 

r  * 

v1, 

2C*C, 

r<-  * 

?C'*C. 

2C’C. 

r.c-  *1 

w, 

r,<-  *5 

■■C?. 

? 1  ’  * 

w»-i  c 

‘SC**, 

w°-  * 

A6T71  , 

y  H_  1 

‘ecc1. 

UP-  « 

7ACC4, 

ftSCC’. 

Wq_  J 

7‘CCft, 

N'-AA 

ftsc''*. 

W«-V 

ftSCC1. 

w*-t* 

we-  7 

6  e  C  ft  e  » 
74CC ! , 

G  SUPPLY 

fH«  «  r 


1/  vr  *  . 

r  *r  , 

rK’  , 

hV]  f 

r?’ , 

PMT 

,W>  f  ?  . 

wr»  f 

ee? , 

cr? 

4  * 1  f 

*  pe*  , 

r<» , 

r  c-cK  . 

>*  t 

P  t  , 

*>C*C* 

?C20, 

213e, 

4  Ct  ?  , 


j  MiEMfT  msm&m 

CH»<F 


IJP.np  tyDr 
AMP  r.OAre 


rrs 
!  rro 

Hi?: 

l'TC. 

L’ 

*fl«5. 

l’-’C, 

IT  ir 

l’’*! 

M0- 

e- 

1 

P 

7ft  1-2, 
ire?, 

7ft  C2, 
iwr.  ?, 

c- 

7 

a*  C , 

a  r  jr  , 

c- 

A 

09  1, 

f.r.i! , 

~  — 

C 

AW  i, 

A  "1 7  , 

P- 

4 

A71, 

A^J1, 

c- 

7 

AN, 

i  K  A  N  , 

c. 

7 

A4, 

/r  |  a  .A  , 

r.«- 

7  • 

1  ft  7C , 

- 

r,«. 

4 

V  ’, 

r,«- 

7 

$ 

2ftC*l . 

wo-T 

?"C0«, 

WP-1  C 

"C", 

ftftC.?i 

mo, 

«7r:e  , 
mrr , 

A*>$r  , 

war, 

i".t 

AWC]  , 

1W1  , 

Avhi  , 

A  MSI.  , 

5**7  , 

A»M?  , 

t  TP9, 

ATN1  , 

AW'1  , 

AWW7  , 

»  TM->  , 

P»?  , 

MOCA  , 

AMAA;, 

aspan. 

ASUAN, 

t*y-*  •  , 


ATC, 

PRC, 

ACC, 

A7C, 

PT1  * 

APT  , 

MWt, 

4C1, 

A"'?, 

AS'?, 

ASM, 

AMCA, 

irR3, 

ASM, 

ASM. 

a<h2 


P  OPERATIONS 

pha" 


I  AP^S  T¥r,f 
A'ir 


rro 
l  rno 

1  .? 

wn-  ? 
wn.  j 
r-  0 
r*.  7 

1 1 1  c . 

m  i, 
IT”, 
74?’, 

7  ft  1  7  , 
APC«, 
ACC, 

IV  2. 

ft  7r-» , 

ftrr  % 

A"C  ,  FTC, 

FHC  , 

4 

P- 

4 

*«"T  , 

sni  ,  ap ja , 

A  WMT  , 

A*?1  , 

„Mt,  m, 

eNl  , 

*1 \ 

r- 

c 

P“7  , 

A¥7,  Af7, 

Arp?-, 

A°  J?  , 

APM9,  A-?, 

CS2, 

r'K-* 

c- 

4 

AC1, 

APJ1.  1*”, 

A  7N1  , 

4CA  , 

SPH1,  Ari, 

-ITS1, 

cTM» 

r.^- 

nc- 

wc- 

W  “  *• 

7 

7 

n 

*  7 

IN, 

A  A  , 
51”, 
’’7, 

1  ft  C  '  4  , 
’ftr1  '• , 

Af*r,A TA«ft , 
e.A  ,#P  JA  *  , 

A '  AN  , 

I  nr*. 

(1  IAN  ,  AM'  A  A  , 

S*', 

A  IAN 

=  T'!?. 


nu? 


5-' 


4CD  HFDICAL  SERVICES 


TRAINING 


CHAS? 


1 abo*  typ<- 
anc  r;«  *r?t 

CAPT 

tT 

; 

f:  i 

4 

F-  * 

ns”  * 
r,<-  * 


m  mi: 

HPCS, 

H«r, 

DTI,  NP1* 
HP?, 

PT? ,  «“3, 

ON,  SN» 

.5?.  ... 


*4,  HN, 


LABCe  Type 

Imo  cpaof 
cr# 
it 

«-  7 
e-  4 


I.  * 

G9-  4 
r,s-  j 
OS  -  ? 


Ifii 

»ow  *pi. 


w  mm  n 


CHASF 


l  *90*  TtM 
AND  0*409 

erm 

LOOP 

LTJO 

9NS 

0 

t-  8 


IP 

pio, 

lie;, 

4f-C“< 

7NC  3 , 
PPC  . 
HP!  , 
API  , 

HP?  , 

A«?  . 

A?«*p! 


12.  1390,  1109* 


4?t5, 

4  TO  ,  ACC 

XW:  $ 

*K J? ,  ATW2 
B"2  .  V4.2 
4^3,  AC3 
4<HC,  YM 
AO  JAN,  P«4N 

iruw 


A9C  «  4MC*  *PHC,  4 IC  *  APPC, 

acj  ;  4oj  ,  AFi  ;  4p?i;  apmi!  ap*»i,  pm  , 

*02  \  *«»  APS?,  API?,  fcpf?,  A*C?f  M»  , 
PN2  t 

fcSf3’  |£|  ,  A*E3,  APS3,  4PH3,  M3  ,  4*3  , 
«Un|  4*  !  IPS  AN, AMMAN,  APCAP,  A6F4P*  4QPAP, 

APHA4.A0J44,  MSA,  S 4  , 


4PS1,  APhI,  APP1,  PP1  , 
*PP?,  fcPF?,  4*C2*  M2  , 


HAS2SJ1 

CtiAS* 


J.APOP  Typp 
AND  GMC*= 
CPU 
ICPP 
LT 

L’fO 

?»IS 

pn-  ? 

c_  • 


nee,  in*, 

t?t*,  *««?, 


13>3,  1319,  1110,  13*0.  11«4,  i’34, 
1393, 


c. 

7 

YNC  , 

40  JC  , 

A»C  , 

ACC 

t 

48C  , 

1P3r, 

*“er. 

P4C  , 

4PC  , 

a  re 

c- 

YNl  , 

PNt  , 

pe»  , 

“*1 

*0.11  . 

4T1  , 

40 1  , 

4  ci  , 

4*1  , 

4“9  l , 

4m«! 

A  “HI, 

4*^1, 

»*1  , 

4  ?f 

A9>  , 

c. 

• 

PP>  , 

YN’  , 

84?  , 

p*j 

ADJ?  , 

4TPY, 

AC’  , 

AC*?, 

I*?  , 

AMS  », 

4“*-? 

A“E’, 

0*2  , 

»K?  , 

*  f? 

r- 

* 

*w«  , 

PNT  , 

»r.’JT, 

41N3 

4C7  , 

4CF3, 

4-3  , 

A“S>, 

4“H9, 

.’•“S3, 

PO  , 

AK»  , 

*’•;  , 

i  <*’ , 

PM3 

c- 

YNSN, 

PN«n, 

<4  , 

*njAN 

*a4»>,4'3"44, 

4*  IN, 

A“S4H, 

AMMAN, 

4'*r4N, 

AM 

*9  1 N  , 

4MM, 

44  , 

c  • 

3 

94  , 

4P  149  , 

'C J#4, 

44 

1 

i 

A®  , 

*4  . 

I  4PCR  Tr(‘MNrlr',,v 


T8AR0N  25 


1  '«np  7yp 

amp  spare 
rru 
imp 
i  r 

t. » r, 
r»ij 
Mr-  l 
r-  e 
e-  1 


t’lC. 

me,  m*. 

2 1 o; *  iim 


2 1 o« ,  me,  m*. 

lie?,  n««,  t”c,  mn,  sr?  ? ,  nss, 

110?,  u«?. 


YMC 

I  4*C  , 

4?r  , 

4PHC  , 

A  MFC  , 

PRC  , 

A*C  , 

AOC  , 

4Ff  , 

4MSP,  4PJC  , 

4K! 

,  4?l  , 

&  ►  n  , 

4 PHI  , 

4pf:  , 

PR1  , 

ATI  , 

AC1  , 

Ac  l  , 

MMl  ,  At>Jl, 

•“1 

,  INI  , 

PM  , 

PR  ? 

,  4*2  , 

AX?  , 

4SH2  , 

AMS? , 

AMH2 , 

AM£2« 

ATN2 , 

402  , 

A0F2,  4F?  , 

MM  i 

4*3 

,  40J2, 
,  AM  , 

PP2  , 
A*<3, 

P42  , 

4  MH?  , 

AMP3, 

ATNf, 

4TN3, 

4  53' 7 

'  A0P3, 

AE  3  ,  PN?  , 

PC  3 

,  MM3  , 

4PJ3, 

YM  . 

ATN4N 

•  4M  , 

PRAN, 

4X4N  , 

A  XAN , 

APSAS, 

AMH4N, 

4M64N, 

A0J4N, 

AJP4N,  40AN, 

AORAN 

,AOFAN, 

AFAN  , 

, 

F»  , 

YNSN, 

44 

,ASH4N, 

APHAA  , 

an  jaa , 

SA  , 

FA  , 

4P 

f 

PUBLIC  WORKS 


tann  type 

»«0  cRace 

I  T 

CTjr> 

e-  1 


fit.r!  r--  c,  prr, 

C*M,  f", 

CPH “ ,  f  A*?  , 

rii’,  Hi’’,  !;rs'-» , 

F»'T.v1p»nrh  .FrKrf  tc«ecN,  cn, 
fa,  'A.rxara, 


??c,  ?r?,  ?ei, 

’Cl,  31?. 
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Figure  5-1.  Final  Products  For  Advanced  Jet 

Systems  At  NAS  Kingsvllle/NAS  Chase 
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SECTION  6 
PROCESS  ANALYSIS 


6-1 


6.  Process  Analysis 


PRODUCT  DISTRIBUTION  RULES 


Users  of  the  Manpower  Allocation  Model  for  CNAVANTRA  must  be  aware  of  the 
intermediate  product  distribution  rules  for  each  air  station.  Accordingly, 
the  distribution  rules  are  listed  by  subcost  center  for  the  throe  air 
stations. 


The  following  pages  contain  intermediate  product  distribution  rules,  listed  by  sub¬ 
cost  center,  by  the  appropriate  cost  center  for  NAS  Corpus  ChrisM,  Chase  and 
Kingsville.  The  following  abbreviations  are  used: 

0  «  Officers 
£  -  Enlisted  Men 
C  =  Civil i ans 
S  =  Students 


DISTRIBUTION  RULES  FOR  IN’ ..^MEDIATE  PRODUCTS  AT  NAS  CORPUS  CHRISTI 

(SHEET  1  OF  7) 


1 

SUBCOST  CENTER 

WORK  UNITS 
(OUTPUT) 

INTERMEDIATE  PRODUCT 
DISTRIBUTION 

A 

COMMAND  AND  STAFF 

1 A 1 0 

Command/Staff 

Average  number  of 
personnel  on  base 

All  cost  centers  by  X 
E,C 

0. 

1 A30 

Putllc  Affairs 

Number  of  actions 
completed 

All  cost  centers  by  * 
E.C 

0. 

1 A40 

Legal 

Number  of  legal 
cases 

All  cost  centers  and 
trarons  by  X  0,E,C 

9931 

Chaplain's  Office 

Number  of  mill tary 
personnel  served 

All  cost  centers  and 
trarons  by  X  0,E,S 

B 

COMPTROLLER 

1 C 1 0 

Administration 

Humber  of  personnel 

In  1C 

Consumed  internally 

1 C20 

Internal  Review 

Number  of  procedural 
studies  and  audits 
completed 

Cost  Center  A 

1  C  40 

Accounting 

Number  of  documents 
processed 

All  cost  centers  by  X 
E.C 

0. 

l  C50 

Payro  1 1 

Number  of  civilians 
on  payroll 

All  cost  centers  by  X 

C 

1  C  70 

Disbursing 

Number  of  transactions 

All  cost  centers  by  X 

E 

0. 

c  INDUSTRIAL  RELATIONS 

1  D1 0  Admi  r,  i  s  tr?  ti  on 

ID20  Employment 

1  D30  Waqc  -Class  FCN 

1040  Employee  Relaiiors 

1DS0  Employee  Service 

1  D  6  0  T  r  a  i  n  i  ; 


Humber  of  civilians 
on  base 

Number  of  personnel 
actions 

Humber  of  classifi¬ 
cations  or  reviews 
completed 

Number  of  civilian 
employees 

Number  of  civilian 
employees 

Humber  of  students 
enrol  led 


All  cost  centers  by  X  C 
All  cost  centers  by  1  C 
All  cost  centers  by  r.  C 

All  cost  center*  by  X  C 
All  cost  centers  by  "  C 
All  cost  centers  bv  ",  C 


DISTRIBUTION  RULES  FOR  INTERMEDIATE  PRODUCTS  AT  NAS  CORPUS  CHRISTI 

(SHEET  2  OP  7) 


RMS 

CODE 

SUBCOST  CENTER 

WORK  UNITS 
(OUTPUT) 

INTERMEDIATE  PRODUCT 
DISTRIBUTION 

D 

ADMINISTRATION 

1E10 

Administration 

Number  of 
personnel 

military 

All 

E 

cost  centers 

by  % 

0, 

1E20 

Officer  Personnel 
Records 

Number  of 
records 

of  fi  cer 

All 

S; 

cost  centers 
trarons  by  % 

by  % 
S 

0, 

1 E30 

Enlisted  Personnel 

Number  cf 
personnel 

enl  isted 
records 

All 

cost  centers 

by  % 

F. 

9934 

CPO/SNCO  Club 

Number  of  el Igible 
personnel 

All  cost  centers 
t.rarons  by  %  E 

and 

9941 

Commissary  Store 

Volume  of 

sales 

All 

E,S 

cost,  centers 

by  % 

0, 

6A30 

Tolls ,  Long  Distance 

Number  of 
cal  1  s 

off-station 

All 

E.C 

cost  centers 

by  l 

0, 

1  E40 

Training 

Number  of 
enrol  1 ed 

students 

All 

E 

cost  centers 

by  % 

0, 

9921 

Barracks 

Number  of 

resi dents 

All 

cost  centers 

by  % 

E 

9922 

BOQ's 

Number  of 

residents 

All  cost  centers 
trarons  by  %  0,S 

and 

9932 

Commissioned  Officers 
Mess 

Number  of 
population 

of  fi cer 

All  cost  centers 
trarons  by  %  0,S 

and 

9937 

Special  Services 

Number  of 
population 

mi  1 1 ta  ry 
served 

All  cost  centers 
trarons  by  %  0  , E 

and 

F 

DATA  PROCESSING 

1 H 1  0 

Administration 

Number  of 
in  1H 

personne i 

Consumed 

internal ly 

1 H  30 

AOP  Operations 

Number  of 
operating 

egui  pmer. t 
hours 

All  cost 
E.C 

centers  by  %  0, 

1 H40 

Keypunch  Operations 

Number  of 

cards 

Consumed 

internal ly 

1 H  5  0 

AGP  Clerical 

Operations 

Number  of 
processed 

documents 

Consumed 

internal ly 

G 

SUPPLY 

2110 

Recel pt 

Measurement  ton 

Consumed 

internal ly 

2121 

Packing 

Unit  packs 

Consumed 

Internal ly 

DISTRIBUTION  RULES  FOR  INTERMEDIATE  PRODUCTS  AT  NAS  CORPUS  CHRISTI 

(SHEET  3  OF  7) 


SUBCOST  CENTER  WORK  UNITS  INTERMEDIATE  PRODUCT 

E  (OUTPUT)  DISTRIBUTION 


2122 

Bulk  Issue 

Measurement  tons, 
short  tons,  and 
line  Items 

Consumed 

Internally 

2123 

Bin  Issue 

Line  Item 

Consumed 

Internally 

2124 

Shipping  Measurement 

Measurement  ton 

Consumed 

internally 

2131 

Care  of  Material 
Storage 

Measurement  ton 

Consumed 

Internally 

2132 

Rewarehousing 

Measurement  ton 

Consumed 

Internally 

2133 

Preservation 

Packaging 

Weighted  unit 
packages 

Consumed 

Internally 

2136 

Inventory 

Line  Items 

Consumed 

Internal ly 

2144 

Trans-shipment 

Measurement  ton 

Consumed 

Internally 

2210 

Requisition  Pro¬ 
cessing 

Line  Items 

Consumed 

Internally 

2220 

CTHSTK  Ccn  CPS 

Line  Items 

Consumed 

Internally 

.520 

Catal ogl ng 

Number  of  Identifi¬ 
cations 

Consumed 

1n*ernally 

2141 

Bulk  Fuel 

Barrel s 

Cost  Center  P  and 
trarons  by  *  flying  hours 

2330 

Household  Goods 

Appl Ication 

All  cost 
E 

centers  by  l  0, 

2710 

Procurement  Plan 

Procurement  line 

Items  processed 

All  cost  centers  and 
trarons  by  S  O.E.C.S 

2720 

Contract  Execution 

Procurement  actions 
processed 

All  cost 
E.C 

centers  by  T  0, 

2820 

Contract  Adminis¬ 
tration 

Number  of  contracts 
requiring  contract 
administration  action 

Cost  Center  A 

2310 

Freight 

Line  Items 

All  cost  centers  and 
trarons  by  *  O.E.C.S 

9911 

Mess  Hall/Galley 

Dally  rations  Issued 

All  cost  centers  and 
trarons  hv  S  0  F,S 

9943 

Retail  Clothing 

Volume  of  sales 

All  cost  centers  and 
trarons  by  t  O.E.S 

DISTRIBUTION  RULES  FOR,  INTERMEDIATE  PRODUCTS  AT  NAS  CORPUS  CHRIST! 

(SHEET  4  OF  7) 


1 

SUBCOST  CENTER 

WORK  UNITS 
(OUTPUT) 

INTERMEDIATE  PRODUCT 
DISTRIBUTION 

J 

AIRCRAFT  MAINTENANCE 

AA1 0 

Administration 

Average  number  of 
personnel  in  AA 

Consumed  internal ly 

AA20 

Quality  Control 

Number  of  inspections 

Consumed  internally 

AA30 

Material  Control 

Number  of  line  items 

Consumed  internally 

AA40 

Pc-jr  Plant  Eng. 

Work  orders  completed 

Cost  Center  P  and 
trarons  by  %  flying  hours 

AA50 

Airframes 

Work  orders  completed 

Cost  Center  P  and 
trarons  by  %  flying  hours 

AAoO 

Avi oni cs 

Work  orders  completed 

Cost  Center  P  and 
trarons  by  %  flyina  hours 

AA80 

Aviator  Eauioment 

Work  orders  completed 

Cost  Center  P  and 
trarons  by  %  flying  hours 

AA90 

Support  Equipment 

Work  orders  completed 

Cost  Center  P  and 
trarons  by  %  flying  hours 

ACD 

MEDICAL  SERVICES 

4COO 

Medi cal  Faci 1 i ty 

Humber  of  patients 

All  cost  centers  and 
trarons  by  5  0,E  ,S 

4D00 

Dental  Facility 

Number  of  visits 

All  cost  renters  and 
trarons  by  C  0  ,E  ,S 

P 

OPERATIONS 

6C1C 

Admini stration 

Average  number  of 
personne'  in  6C 

Con?  umed  internal  1  v 

6C2u 

Aircraft  Control 

Number  of  take-offs/ 
landings 

All  trarons  by  ”,  flying 
hours 

6C5C 

Ground  Electronics 

Cubi  c  feat  of  elec¬ 
tronic  devices 

All  cost  centers  and 
trarons  by  t  0  ,E  ,C  ,S 

6C60 

Photo  Services 

Number  of  pictures 

Consumed  1 n te^na 1 1  y 

6D20 

Operations 

Number  of  take-offs/ 

1  and i ngc 

All  trarons  by  X  S 

DISTRIBUTION  RULES  FOR  INTERMEDIATE  PRODUCTS  AT  NAS  CORPUS  CHRISTI 


SUBCOST  CENTER 

WORK  UNITS 
(OUTPUT) 

INTERMEDIATE  PRODUCT 
DISTRIBUTE 

SR 

TRARON  27 

SRiO 

Command/Executi  ve 
Officer 

Average  number  of 
personnel  In  SR 

Consumed  Internally 

SR20 

Admin i strati  on 

Number  of  personnel 
supported 

Consumed  internally 

SR30 

Training 

Students  graduated 

Final  product 

SR40 

A/C  Maintenance 

Organ i c 

Numoer  of  A-3  status 

A/C  assigned 

Cost  Center  J 

SS 

TRARON  28 

SS 1  0 

Command/Executi ve 

Of f i ces 

Average  number  of 
personnel  in  SS 

Consumed  internally 

3  £  2  0 

Admini stration 

Number  of  personnel 
supported 

Consumed  Internally 

SS30 

Training 

Students  graduated 

Final  product 

SS40 

A/C  Maintenance 
Organic 

Number  of  A-3  status 

A/C  assigned 

Cost  Center  J 

ST 

TRARON  29 

ST  10 

Command/Executi ve 
Offices 

Average  number  of 
personnel  In  ST 

Consumed  Internally 

ST20 

Admin i  s  trat i on 

Number  of  personnel 
supported 

Consumed  Internally 

ST  30 

Training 

Students  graduated 

Final  product 

ST40 

A/C  Maintenance 
Organic 

Number  of  A-3  status 

A/C  assigned 

Cost  Center  J 

sw 

TRARON  31 

SW10 

Command/Executi ve 
Offices 

Average  number  of 
personnel  i n  SW 

Consumed  Internally 

swzo 

Admin i s  t ra tl on 

Number  of  personnel 
suppc  rted 

Consumed  internally 

SW30 

Training 

Students  gi aduated 

Final  product 

SW40 

A/C  Maintenance 

Organ i i 

Number  of  A-3  status 

A/C  assigned 

Cos'  Center  J 

6- 


DISTRIBUTION  RULES  FOR  INTERMEDIATE  PRODUCTS  AT  NAS  CORPUS  CHRISTI 

(SHEET  6  OF  7) 


IS  SUBCOST  CENTER  WORK  UNITS  INTERMEDIATE  PRODUCT 

OE  (OUTPUT)  DISTRIBUTION 


6B 

SECURITY 

6B10 

Admin i s  tra t i on 

Throughput 

6B20 

Police/ Guard  (Civilian) 

Throughput 

6B30 

Military  Guard 

Throuohput 

6860 

Fire,  A/C  Rescue 

Throuohput 

6B80 

Bri  g 

Throughput 

S 

PUBLIC  WORKS 

7100 

Bui ldi ngs 

Throughput 

7540 

Communications  Lines 

Throuohrut 

7600 

Utility  Plants 

Th  rouohpu t 

7830 

Emergency  Service  Work  R/P 

Throuohput 

8200 

Steam  and  Hot  Water 

Throuohput 

9110 

Administration  (P.W. ) 

Throughput 

9120 

Engineeri ng  (P.W. ) 

Throughput 

9130 

Aom inistntion  of 

Family  Housinq 

Throuohput 

9200 

Other  P.W.  Shop  Operations 

Throuohput 

9400 

Does  not  appear  In  manual 

Th  rouoh  pu  t 

9500 

Mission  Operations 

Throughput 

21 

SUPPLY  STAFF 

2100 

Supply  Staff 

Th  roughpu  t 

STAF 

CNAVANTRA  STAFF 

1 A 1  * 

Comnand/Sta  f f 

Th  rouohpu  t 

993* 

Chaplain's  office 

T  h rouohpu t 

1 A4* 

l  ega1 

Throuohput 

1  A3* 

Public  Affairs 

Throughput 

6-8 


DISTRIBUTION  RULE:  FOR  li!lFR*?FOTAT!I  PRODUCTS  AT  NAS  CORPUS  CHRISTI 
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RMS 

CODE 

SUBCOST  CENTER  W!?!'  UNITS 

{OUTPUT) 

INTPflFD  ■  ATE  PRODUCT 
DfFTP.I  PUT'ON 

1 B 1  * 

Management  Erg.  (Operations) 

Throughput 

ICO* 

Conotrol 1  or 

Throughput 

6C0* 

Air  Operations 

Throughput 

1E0* 

Military  Personnel 

Throughput 

200* 

Storage  and  Harehousing  Ops. 

Throughput. 

6J0* 

Training  (General) 

Throughput 

910* 

Pub'-c  Works  Administration 

Throughput 

*  The  asterisk  In  the  fourth  column  of  the  RMS  Code  differentiates  personnel 
assignee*  to  the  STAFF  cost  center  and  those  assigned  to  a  Naval  Air  Station 
cost  confer  with  an  Identical  RMS  Code. 


6- 
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DISTRIBUTION  RULES 

FOi:  I !' TFRMC MATE  PRODUCTS 

(SHEET  1  OF  b) 

AT  NAS  CHASE 

RMS 

CODE 

SUBCOST  CENTER 

WORK  UNIT 
(OUTPUT) 

INTtRMEDIATE  PRODUCT 
DISTRIBUTION 

A 

COMMAND  AND  STAFF 

IA10 

Command/ Staff 

Averaqe  number  of 
personnel  on  base 

All  cost  centers  by  % 

F ,  C 

n, 

1 A40 

Legal 

Number  of  legal 
cases 

All  cost  centers  and 
trarons  by  %  0 ,E ,S 

9931 

Chaplain's  Office 

Number  of  military 
personnel  served 

All  cost  centers  and 
trarons  by  %  D.F.S 

B 

COMPTROLLER 

1  Cl  0 

Administration 

Number  of  personnel 
in  cost  center  1C 

Consumed  internally 

1C20 

Internal  Review 

Number  of  procedural 
studies  and  audits 
completed 

Cost  Center  A 

1 C40 

Accounti ng 

Number  of  documents 
processed 

All  cost  centers  by  % 
E,C 

0, 

1 C  50 

Payrol 1 

Number  of  civil ians 
on  payroll 

All  cost  centers  by  f- 

c 

C 

INDUSTRIAL  RELATIONS 

1010 

Admi ni strat ion 

Number  of  civil ians 
on  base 

A1  1  cost  centers  by  % 

c 

1020 

Employment 

Number  of  personnel 
actions 

A1  1  cos  t  centers  hv  * 

c 

1040 

Employee  Relations 

Number  of  civilian 
employees 

All  cost  centers  by  ", 

c 

1060 

Tralnl nq 

Number  of  students 
enroll ed 

All  cost  centers  by  T 

c 

C 

ADMINISTRATION 

1  El  0 

Admi ni strat Ion 

Number  of  military 
personnel 

A 1 1  cos  t  centers  hv  v 

E 

0. 

1  E  30 

En’isted  Personnel 

Number  of  enl i sted 
personnel  records 

All  cost  centers  by  * 

E 

1  J10 

Printing  and  Repro 
( I  nous .  Funding  Ac t ) 

Number  of  machines 
used 

All  cost  centers  and 
trarons  by  "  0  ,E  ,C  ,S 

6-10 


DISTRIBUTION  RULES 

FOR  INTERMEDIATE  PRODUCTS 
(SHEET  2  OF  5) 

AT  NAS  CHASE 

RMS 

GOOF 

SUBCOST  CENTER 

WORK  UNIT 
'OUTPUT) 

INTERMEDIATE  PRODUCT 
DISTRIBUTION 

6A1  0 

A  Imi  ni  strati  on 

Avr.raqe  number  of 
personnel  in  6A 

A1 1  cost  centers  by  *  0 , 
E,C 

9922 

BOQ's 

Number  of  residents 

All  cost  centers  and 
trarons  by  *  0,S 

9937 

Special  Services 

Number  of  military 
population  served 

A1  i  cost  centers  and 
trarons  bv  X  0,E 

F 

DATA  PROCESSING 

1  HI  0 

Administration 

Number  of  personnel 
in  1 H 

Consumed  Internally 

1 H40 

Keypunch  Operations 

Number  of  cards 

All  cost  centers  by  X  0, 
E,r. 

G 

SUPPLY 

2110 

Pecei pt 

Measurement  ton 

Consumed  internally 

2124 

Shipping 

Measurement  ton 

Consumed  Internally 

21  36 

Inventory 

Line  items 

Consumed  Internally 

2141 

Bulk  Fuel 

Barrels 

Cost  Center  P  and  trarons 
by  X  flying  hours 

2210 

Requisition  Pro¬ 
cessing 

Line  items 

Consumed  Internally 

2220 

CTHSTK  Con  SPS 

Line  items 

Consumed  internally 

2710 

Procurement  Plan 

Procurement  line 
items  processed 

All  cost  centers  and 
trarons  by  X  0,E,C,S 

9911 

Mess  Hall/Galley 

Dally  rations  issusd 

All  cost  centers  and 
trarons  by  X  O.E.S 

9943 

Retail  Clothing 

Volume  of  sales 

All  cost  centers  and 
trarons  by  X  O.E,S 

J 

AIRCRAFT  MAINTENANCE 

AAIO 

Administration 

Average  number  of 
personnel  in  AA 

Consumed  internally 

AA20 

Quality  Control 

Number  of  inspections 

Consumed  Internally 

6-11 


DISTRIBUTION  RULES  FOR  INTERMEDIATE  PRODUCTS  AT  NAS  CHASE 

(SHEET  3  OF  5) 


IS  SUBCOST  CENTER  WORK  UNIT  INTERMEDIATE  PRODUCT 

DE  (OUTPUT)  DISTRIBUTION 


AA30 

Material  Control 

Number  of  line  items 

internally  Consumed  in 

AA 

AA40 

Power  Plant  Eng. 

Work  orders  completed 

Cost  Center  P  end  trarons 
by  %  flyii.g  hours 

AA50 

Airframes 

Work  orders  completed 

Cost  Center  P  and  trarons 
by  »  flying  hours 

AA60 

Avi oni cs 

Work  orders  completed 

Cost  Center  P  and  trarons 
by  1  flying  hours 

AA80 

Aviator  Equipment 

Work  orders  completed 

Cost  Center  P  and  trarons 
bv  %  flying  hours 

AA90 

Support  Equipment 

Work  orders  completed 

Cost  Center  P  and  trarons 
by  *  flyinq  hours 

4CD 

MEDICAL  SERVICES 

4COO 

Medical  Facility 

Number  of  patients 

All  cost  centers  and 
trarons  hv  %  0,E,S 

4D00 

Dental  Facility 

Number  of  visits 

All  cost  centers  and 
trarons  by  "  0,E,S 

P 

OPERATIONS 

6C10 

Admi n i strati nn 

Average  number  of 
personnel  in  6C 

Internally  consumed  in 

6C 

6C20 

Aircraft  Control 

Number  of  take-offs/ 

1  and  i  ngs 

All  trarons  by  % 
flying  hours 

6C30 

Aircraft  Terminal 

Lbs.  of  cargo  and 
weight  of  passengers 

A! 1  trarons  by  * 
flyinq  hours  . 

6C50 

Ground  Electronics 

Mai ntenance 

Cubi c  feet  of  elec¬ 
tronic  devices 

A1 1  cost  centers  and 
t  rarons  by  0  ,E  ,S  ,C 

6C60 

Photo  Services 

Number  of  pictures 

Internally  consumed 
i  n  6C 

6  C  7  0 

Ordnance 

Number  of  trained 
and  gualifed  per¬ 
sonnel 

Internal ly  consumed 
in  6C 

6F30 

Aircraft  Maintenance 
Organ i c 

Number  of  work  orders 
comp  1 e  ted 

Internal ly  consumed 
in  6F 

R 

6J10 

TRAINING 

Training  Operations 
General _ 

Students  graduated 

Cost  Centers  J  and  P  and 
trarons  by  *  Q.[  .S _ 

6- 


DISTRIBUTION  RULES  FOR  INTERMEDIATE  PRODUCTS  AT  NAS  CHASE 

(SHEET  4  OF  5) 


RMS 

CODE 

SUBCOST  CENTER 

HORN  ORDERS 
(OUTPUT) 

INTERMEDIATE  PRODUCT 
DISTRIBUTION 

A, 130 

Training  Operations 
Academi c 

Students  graduated 

Cost  Centers  J  and  P  and 
trarons  by  %  0,E,S 

SU 

TRARON  24 

SU'D 

Command  and  Executive 
Offices 

Average  number  of 
personnel  in  SN 

Consumed  internally  in 

SN 

SN20 

Admin i strati  on 

Number  of  personnel 
supported 

Consumed  internally  In 

SN 

SN3? 

Training 

Students  graduated 

Final  product 

SN40 

A/C  Maintenance, 

Organi c 

Number  of  aircraft 
assigned 

Cost  Center  J 

SO 

TRARON  25 

S010 

Command  and  Executive 

Of f i ces 

Average  number  of 
personnel  in  SO 

Consumed  internally  In 

SO 

S020 

Adm ; nls  :rat1 on 

Number  of  personnel 
supported 

Consumed  internally  in 

SO 

S030 

Training 

tudents  graduated 

Final  product 

S040 

A/C  Maintenance, 

Organic 

Number  of  aircraft 
ass i gned 

Cost  Center  J 

SP 

TRARON  26 

SP10 

Command  and  Executive 

Off i ces 

Average  number  of 
personnel 

Consumed  internally  in 

SP 

SP20 

Admi nl s  trat 1  on 

Number  of  personnel 
supported 

Consumed  intern'ally  In 

SP 

SP30 

Training 

Students  graduated 

Final  product 

SP40 

A/C  Maintenance, 

Organic 

Number  vif  aircraft 
assigned 

Cost  Center  J 

PUBLIC  WORKS 


/600  Utility  Plants 


Thr jughput 


OlSTRigmON  RULES  FOR  INTERMEDIATE  PRODUCTS  AT  NAS  KINGSVILLE 

(SHEET  1  OF  6) 


RMS 

CODE 

SUBCOST  CENTER 

WORK  UNIT 
(OUTPUT) 

INTERMEDIATE  PRODUCT 
DISTRIBUTION 

A 

COMMAND  AND  STAFF 

1 A 1 0 

Command/ Staff 

Average  number  of 
personnel  at  NAS 

A1 1  cost  centers  by  X 
E,C 

0, 

1  A30 

Public  Af  fai  rs 

Number  of  actions 
completed 

All  cost  centers  by  X 
E,C 

0, 

1  A40 

Legal 

Number  of  legal 
cases 

All  cost  centers  and 
trarons  by  X  0,E,S 

9931 

Chaplain's  Office 

Number  of  military 
personnel  served 

All  cost  centers  and 
trarons  by  X  G,E,S 

6 

COMPTROLLER 

1  C 1  0 

Admi nistration 

Number  of  personnel 
in  cost  center  1C 

Internally  consumed  in  B 

1C20 

Internal  Review 

Number  of  procedural 
studies  and  audits 
completed 

Cost  Center  A 

1  C4G 

Accounting 

Number  of  documents 
processed 

All  cost  centers  by  X 
E,C 

c, 

1C50 

Payrol 1 

Number  of  civilians 
on  payroll 

All  cost  centers  by  X 
E,C 

0. 

C 

INDUSTRIAL  RELATIONS 

1D10 

Administration 

Nimber  of  civilians 
on  base 

All  cost  centers  by  X 

C 

1020 

Employment 

Number  of  oersonnel 

actions 

All  cost  centers  b-  X 

C 

1  D40 

Employee  Relations 

Number  of  civilian 
employees 

A1 1  cost  centers  by  X 

C 

1050 

Employee  Service 

Number  of  civilian 
employees 

A1 I  cost  centers  by  X 

C 

IDSO 

Tra 1 ni nq 

Number  of  students 
enrolled 

All  cost  centers  by  X 

c 

D  ADMINISTRATION 


1  ElO  Administration 


Number  of  military 
personnel 


All  cost  centers  by  X  0 
E 


DISTRIBUTION  RULES  FOR  INTERMEDIATE  PRODUCTS  AT  NAS  KINGSVILLE 

(SHEET  2  OF  6) 


RMS 

CODE 

SUBCOST  CENTER 

WORK  UNIT 
(OUTPUT) 

— 

INTERMEDIATE  PRODUCT 
DISTRIBUTION 

1  E  20 

0  Persmnel  Records 

Number  of  offifcfer 
records 

All  cost  centers  by  %  0, 

S;  trarons  by  %  S 

1 E30 

Enlisted  Personnel 

Number  of  enlisted 
personnel  records 

Ail  cost  centers  by  5!  E 

1  E40 

Trai ni nq 

Number  of  students 
enrolled 

All  cost  centers  by  %  0, 

E 

1 J  TO 

Printing  and  Repro 
(Indus.  Funding  Act) 

Number  of  machines 
used 

All  cost  centers  and 
trarons  by  %  0,E,C,S 

6A10 

Admi  nistratior, 

Average  number  of 
personnel  in  6A 

All  cost  centers  by  %  0, 
E.C 

6A40 

Telegraph 

Number  of  messaqes 

All  cost  centers  bv  %  0, 

E,  C 

9921 

Barracks 

Number  of  residents 

Al1  cost,  centers  by  %  E 

9922 

BOQ's 

Number  of  residents 

All  cost  centers  a nd 
trarons  by  %  0,S 

9937 

Special  Services 

Number  of  mi  1 i tary 
population  served 

All  cost  centers  and 
trarons  by  %  0,E 

F 

DATA  PROCESSING 

1 H40 

Keypunch  Operations 

Number  of  cards 

Al  1  cost  centers  by  %  0 , 
E.C 

O 

SUPPLY 

2110 

Receipt 

Measurement  ton 

Internally  consumed  in  G 

2121 

Pack! ng 

Uni t  packs 

internally  consumed  in  G 

2123 

Bln  Issue 

line  item 

Internally  consumed  in  G 

2124 

Shi  p  p i ng 

Measurement  ton 

Internally  consumed  in  G 

21  36 

I  nventory 

Line  Items 

Internally  consumed  in  G 

2141 

Bulk  Fuel 

Barrel s 

To  Cost  Center  P  and 
trarons  by  %  flying  hour? 

2142 

Customer  Service 

Stor  e 

Line  items  issued 

All  cost  centers  and 
trarons  by  1!  O.E.C.S 

2210 

Requisition  Processinq 

Line  items 

Internally  consumeJ  in  G 

2220 

CTHSTK  Con  CPS 

Line  items 

Internally  consumed  in  G 
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2310 

Frei ght 

Line  items 

All  cost  centers  and 
trarons  by  X  o,E,c,S 

2520 

Catalogi nq 

Number  of  identi¬ 
fications 

Internally  consumed  in  G 

2710 

Procurement  Plan 

Procurement  line 
items  processed 

All  cost  centers  and 
trarons  by  X  0,E,C,S 

2720 

Contract  Execution 

Procurement  actions 
processed 

All  cost  centers  and 
trarons  by  X  O.E.C 

2900 

Supply  Administration 

Number  of  actions 
completed 

Internally  consumed  in  G 

991 1 

Mess  Hal  1/Galley 

Daily  rations  Issued 

All  cost  centers  by  X  0, 
E.S 

9943 

Retail  Clothing 

Volume  of  sales 

A1 1  cost  centers  by  X  0, 
E.b 

J 

AIRCRAFT  MAINTENANCE 

AA1  0 

Admi n i stration 

Number  of  personnel 

Internal ly  consumed 

in  J 

AA20 

Quality  Control 

Number  of  inspec¬ 
tions 

Internally  consumed 

in  J 

A  A  30 

Material  Control 

Number  of  line  items 

Internally  Consumed 

In  J 

AA40 

Power  Plant  (Engines) 

Work  orders  completed 

Cost  Center  P  and 
trarons  by  X  flyino 

hours 

AA  50 

Ai rf rame s 

Work  orders  completed 

Cost  Center  P  and 
trarons  by  X  flyino 

hours 

AA50 

Avionics 

Work  orders  completed 

Cost  Center  P  and 
trarons  by  X  f 1 yi ng 

hours 

AA30 

Aviator  Equipment 

Work  orders  completed 

Cost  Center  P  ana 
trarons  by  X  flylnq 

hours 

AA90 

Support  Equipment 

Work  orders  completed 

Cost  Center  P  and 
trarons  by  X  flyinq 

hours 

4CU 

MEDICAL  SERVICES 

4C00 

Medical  Facility 

Number  of  patients 

All  cost  centers  and 
trarons  by  X  0,E,$ 

4D00 

Dental  Facility 

Number  of  visits 

AH  cost  centers  and 
trarons  by  X  0,E,S 
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SUBCOST  CENTER 

WORK  UNIT 
(OUTPUT) 

INTERMEDIATE  PRODUCT 
DISTRIBUTION 

p 

OPERATIONS 

6010 

Administration 

Average  number  of 
personnel  in  6C 

Internally  consumed  in  P 

6C20 

Aircraft  Control 

Number  of  take-offs/ 
landinqs 

All  trarons  by  %  flying 
house 

6C50 

Ground  Electronics 

Ha i ntenance 

Cubic  feet  of  elec¬ 
tronic  devices 

All  cost  centers  and 
trarons  hy  %  0,E,C,S 

6C60 

Photo  Services 

Number  of  pictures 

Internally  consumed  in  P 

6F10 

Operations 

Total  number  of  air¬ 
craft  flying  hours 

All  trarons  by  "  flying 
house 

6F20 

Flight  Time 

Number  of  flight  hours 

Internally  consumed  in  P 

6F30 

A/C  Maintenance 

Organi  c 

Number  of  work  orders 
completed 

Internellv  consumed  in  P 

R 

TRAINING 

6J30 

Training  Operations 
Academi  c 

Students  graduated 

Cost  Centers  J  and  P, 
and  trarons  by  X  0,E,$ 

SK 

TRARON  21 

SK10 

Command  and  Executive 
Offices 

Average  number  of 
personnel  in  SK 

Internally  consumed  in  SK 

SK20 

Administration 

Number  of  personnel 
supported 

Internally  consumed  in  SK 

SK30 

T  rai  nl ng 

Students  gruJuated 

Final  product 

i  I 

A/C  Maintenance 

Organi c 

Number  of  ai rcra  ft 
assigned 

Cost  Center  J 

SL  TRftRQN  22 


SL1C  Command  end  Executive  Average  number  rf  Internally  consumed  in  SI 

Offices  personnel  In  SL 

$120  Administration  Number  of  personnel  Internally  consumed  in  SL 

supported 


S  L  30  Training 


Students  graduated 


Final  product 
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RMS 

SUBCOST  CENTER 

WORK  UNIT 
(OUTPUT) 

INTERMEDIATE  PRODUCT 
DISTRIBUTION 

SL40 

A/C  Maintenance 

Number  of  aircraft 

Cost  Center  J 

J 

SM 

TRARON  23 

| 

SM10 

Command  and  Executive 

Off i ces 

Average  number  of 
personnel  in  SM 

Internally  consumed 

SM20 

Adml n 1 s  tra tl  on 

Number  of  personnel 
supported 

Internally  consumed 

m 

SM30 

Training 

Students  graduated 

Final  product 

SM40 

A/C  Maintenance 

Organic 

Number  of  ai rcraft 
assigned 

Cost  Center  J 

6B 

SECURITY 

6B10 

Security  Administration 

Average  number  of 
personnel  in  6B 

Throughput  (not  in 
process  analysis) 

S 

PUBLIC  WORKS 

7100 

Buildings 

Throughput  (not  in 
process  analysis) 

7410 

Improved  Grounds 

Throughput  (not  in 
process  analysis) 

7600 

Utility  Plants 

Throughput  (not  in 
process  analysis) 

7830 

Emergency  Service 

Work  R/P 

Throughput  (not  in 
process  analysis) 

7920 

Maintenance  Control 

Division 

Throughput  (not  in 
process  analysis) 

(3200 

Steam  and  Hot  Water 

Throughput  (not  in 
process  analysis) 

8400 

Potable  Water 

Throughput  (not  in 
process  analysis 

9110 

Administration  P.W. 

Throughput  (not  in 
process  analysis 

9120 

Engineering  P.W. 

Throughput  (not  in 
process  analysis 

9130 

Administration  of 

Family  Housing 

Throughput  (not  in 
process  analysis 
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INTERMEDIATE  PRODUCT 

CODE 

(OUTPUT) 

DISTRIBUTION 

9200 

Shop  Operations  P.W. 

Throughput  (not  in 
process  analysis) 

9400 

Vehicle  Operations 

Throughput  (not  in 
process  analysis) 

9500 

Mission  Operation 

Throughput  (not  in 
process  analysis 

2100  SUPPLY  STAFF 
2100  Supply  Staff 


Throughput  (nut  in 
process  analysis) 
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Washington,  D.  C.  20370 

U  abstract 


A  Manpower  Allocation  Model  (MAM)  and  Productivity  Measurement 
Model  (PMM)  for  the  Naval  Air  Advanced  Training  Conunand  (CNAVANTRA) 
were  developed  to  provide  Navy  management  with  tools  for  improved 
manpower  planning,  programming  and  budgeting.  Development  of  the 
models  included  an  investigation  of  the  available  data  and  an 
analysis  of  the  processes  which  take  place  at  various  CNAVATRA  facilities 
After  the  models  were  formulated,  computer  programs  were  written, 
tested,  and  run  using  available  data.  The  MAM  provides  a  quantitative 
means  of  examining  manpower  requirements  to  support  a  range  of  pilot 
training  rates  in  increments  selected  by  the  user  at  three  naval 
air  stations  and  nine  training  squadrons  comprising  CNAVANTRA,  as 
well  as  its  command  headquarters  staff.  _  The  model  is  designed  to 
use  data  from  RMS  PRIME,  OPNAV  5320,  Enlisted  Distribution  and 
Verification  Report  (BUPERS  Report  1080-14)  ,  and  Student  Training 
Progress  Critiques.  Other  sources  of  data  can  also  be  utilized. 
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